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ATMOSPHERIC ABSORPTION OF HIGH FREQUENCY NOISE 
AND APPLICATION TO FRACTIONAL-OCTAVE BANDS 

BY F. Douglas Shields and H. E. Bass 
Department of Physics & Astronomy 
The University of Mississippi 
University^ Mississippi 38677 

1. SUMMARY 

This report presents the results of a NASA-Lewls sponsored study of 
atmospheric absorption of noise In the frequency range of 4 kHz to 100 kHz, 
for temperatures from 255. 4“K (0“F) to 310. 9®K (100“F) and at relative humid- 
ities from 0% to saturation. The measurements were made In a large cylindri- 
cal tube (25.4 cm I.D. by 4.8 m long). Special solld-dlelectrlc capacitance 
transducers were constructed which fit Inside the tube. One of these trans- 
ducers generated bursts of sound waves and was mounted so that It could be 
moved Inside the large sound tube. A second transducer of similar construc- 
tion terminated the sound path and detected the tone bursts. The absorp- 
tion was determined from the decay rate for the burst measured as a func- 
tion of the propagation distance as the burst bounced back and forth In 
the tube. 

Pure tone absorption coefficients were measured at 1/12 octave 
Intervals from 4 kHz to 100 kHz. The temperature was varied In 5.5“K 
(10“F) Intervals from 255. 4“K (0°F) to 310. 9“K (100“F) . The relative 
humidity was varied In 10% Increments from 0% to saturation. The resulting 
absorption was compared to a proposed procedure for computing sound absorption 
for pure tones In still alLr and the agreement was found to be quite good 
under most conditions. The results for absorption of pure tones were then 
applied to the prediction of attenuation of bands of noise. The band absorp- 
tion was found to depend significantly on the shape of the noise spectrum and 
the type of filter used as well as the atmospheric conditions and propa- 
gation distance. 



It was also found that the band loss coefficient does not depend on 
propagation distance In a simple way. However, for many cases considered 
the deviation between the 1/3 octave band loss and the readily computed pure 
tone absorption coefficient at the center frequency of the band was found to 
be small . 

This report presents the proposed procedures for calculating pure tone 
and broad band atmospheric attenuation as well as the experimental data 
obtained. 
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2. INTRODUCTION 


since the early measurements of Duff (ref. 1), absorption of sound 
In air has proven to be a fertile field of scientific Investigation. 

The first systematic measurements were make by Knudsen (ref. 2) In the 
1930' s. The observed absorption was explained theoretically by Kneser 
(ref. 3) In terms of viscous and thermal conduction losses (classical 
absorption) and vibrational relaxation of oxygen. This theory did much 
to explain the effect of humidity on the relaxation absorption. This 
and later work were stimulated by studies of architectural acoustics, 
hence the frequency range of primary Interest was that Important In 
auditorium design, l.e., 200 Hz to 10 kHz. Greenspan (ref. 4) measured 
the absorption of sound In air at high frequencies (greater than 1 MHz ) 
and established that rotational relaxation also makes a significant 
contribution to sound absorption even at low frequencies. In the 1950 's, 
increased interest in community noise In the frequency range from 100 Hz 
to 1 kHz and large propagation distances prompted further measurements. 

It was recognized that the simple model of Kneser did not provide reliable 
predictions under these conditions. As a result, in 1964, Committee A21 of 
the Society of Automotive engineers issued an empirical prediction procedure 
(ref. 5) which provided a significant improvement over the basic pro- 
cedure of Kneser. As is the case with any empirical technique, the 
accuracy of the prediction procedure was limited by the data on which 
It was based. In 1967, Harris (ref. 6) devised an Improved empirical 
technique based on the Impressive amount of data which he had collected. 

This data was limited to frequencies below 15 kHz, therefore, predictions 
based on this empirical technique at higher frequencies or at largely 
different atmospheric conditions could not be considered reliable. 

Since 1967, several major developments have occurred which increase 
the accuracy of absorption predictions. In 1969 Plercy (ref. 7) 
recognized that vibrational relaxation of nitrogen is a major source of 
absorption at audible frequencies. Monk (ref. 8) and Evans, et.al., 

(ref. 9) considered a kinetic model for air absorption which Included 
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the effects of simultaneous relaxation of nitrogen and oxygen. During 
this period, experimental studies of atmospheric absorption under a 
wider variety of atmospheric conditions (although still a limited 
frequency range) were accumulating. In 1971, the SI Committee of the 
American National Standards Institute (ANSI) appointed the Sl-57 Working 
Group to examine theoretical and experimental knowledge of sound absorp- 
tion in still air. This working group, chaired by Dr. Joseph Piercy, 
developed a prediction technique for pure tone absorption which is based 
on the fundamental physics of sound absorption and available experimental 
data. This procedure is empirical only in the sense that measured sound 
absorption was used to determine the microscopic energy transfer rates 
or vibrational relaxation times. Since it is firmly based on physical 
principles, there is no reason why this technique can not be applied 
outside the region of conditions spanned by present experimental data. 
However, the numerical parameters used in the procedure becoAe less certain 
for frequencies above 10 kHz and temperatures far above or below 294. 3°K. 

So far, only pure tone absorption has been considered. In principle, 
the absorption of a band of noise can be predicted if the variation of 
the pure tone absorption coefficient with frequency is known. However, 
in practice the process of converting from pure tone values to loss 
coefficients for bands of noise Involves numerical evaluation of an 
integral. In order to avoid this complication, ARP-866A (ref. 5) recommends 
using the pure tone absorption coefficient at band center at frequencies 
up to 4 kHz and at some frequency lower than the center frequency for 
bands with a center frequency above 4 kHz. This process recognizes that 
most spectra are falling off rapidly at high frequencies but is at best 
a first approximation. For most noise control applications, frequencies 
above 4 kHz are not very important so the procedure used in ARP-866A 
should be acceptable. 

Much modern aerodynamic research in jet noise is done with scale 
models as small as 1/10 to 1/20 full scale. Such models frequently 
produce significant noise at frequencies up to 100 kHz. If the measured 
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acoustic emmlsslon from such models is to be compared to theory or 
emissions from other models measured with different atmospheric condi- 
tions, the measured noise spectrum must be corrected for atmospheric 
absorption. Since there was little pure tone absorption data in the 
frequency' range from 20 kHz to 100 kHz , there was no way to compute 
with confidence the loss for bands of noise in this frequency range. 

It was decided, therefore, to make pure tone absorption measurements 
over this frequency range for a variety of atmospheric conditions, 
to conqiare these values to the predictions of the Sl-57 Working Group, 
to use these results as a basis for computing band loss coefficients, 
and finally to compare the band loss coefficients with ARP-866A. The 
results of this program conducted under contract NASS- 19431 with NASA- 
Lewis Research Center are described in this report. 

The work divides naturally into two parts. Sections (3) through 
(5) of this report are devoted to the calculation and measurement of 
the pure tone absorption coefficients. The second part, discussed in 
Section (6) treats absorption of bands of noise. The prediction pro- 
cedures developed in Section (6) for absorption of bands of noise assume 
the pure tone absorption can be accurately computed. Although the pro- 
cedures are independent of the numerical values of pure tone absorption 
coefficients, the tables of band loss coefficients given in Appendix C, 
which use the method of Section (6) , are based on the pure tone prediction 
procedure of Section (3). 

The Sl-57 Working Group of the American National Standards Institute, 
chaired by Dr. Joseph Piercy, provided useful comments, suggestions, and 
advice. L. C. Sutherland of Wyle Laboratories assisted in computing atmos- 
pheric absorption of bands of noise, Alan Marsh of DyTec Engineering provided 
many of the figures included in the report, and Landon Evans of The Boeing 
Company made valuable suggestions concerning presentation of results. 
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3. THEORY OF SOUND ABSORPTION IN AIR 


3.1 Sound Absorption Mechanisms 

A rigorous theory for sound absorption in still air has been 
developed and will be published as a theoretical backgrotind document 
(ref. 10) in support of a new standard for sound absorption in air. 

This chapter will give a brief outline of the absorption mechanisms 
for sound absorption in still air and will describe a proposed pre- 
diction procedure (ref. 11). 

The mechanisms which contribute to the absorption of sound in still 
air are vibrational relaxation absorption, rotational relaxation absorp- 
tion, and absorption due to viscosity and thermal conduction (classical 
absorption). At frequencies below 1 MHz, it is convenient to combine 
classical and rotational relaxation absorption since they both vary as 
the frequency squared. Vibrational relaxation absorption is due primar- 
ily to the relaxation of nitrogen and oxygen. The total absorption of 
sound in still air, then, is given by a sum of the absorption due to 
vibrational relaxation of nitrogen jj) » vibrational relaxation of 

oxygen q)» combined rotational relaxation and classical mech- 

anisms (a^ng^) . The absorption per wavelength (oX , nepers) due to each of 
these mechanisms is given in figure 3.1 for a temperature of 293.15“K, 
relative humidity of 70%, and at atmospheric pressure. It can be seen 
that under these conditions, nitrogen relaxation makes the largest contri- 
bution at low frequencies and oxygen relaxation makes the largest contri- 
bution at intermediate frequencies. Classical and rotational relaxation 
absorption are most important at higher frequencies. 

As the amount of water vapor in the air changes, the position of 

the peaks in the versus frequency curves changes. In general, 

the peaks shift toward higher frequencies as the water vapor content 

Increases (see figure 3.2). However, the two curves shift at different 

rates with Increasing water vapor concentration. The frequency at which 

a ,, X has a mav<mnin is referred to as the relaxation frequency for 
vib 
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Figure 3. 


1 Absorption Con5)onents as a Function of Frequency, T = 293.15°K, h ~ 1.6145Z, P 1 atm. 






the molecule of concern. If the relaxation frequencies f „ and f „ 

r,N r,0 

are known as a function of water vapor content, the absorption can be 

computed precisely since a Is well established (ref. 12) . The values 

uK 

depend upon the number of collisions which take place 


of f „ and f - 
r,N r,0 

between H 2 O molecules and and 0^ molecules respectively, hence they 
depend upon the concentration of H^O or absolute humidity, h. The abso- 
lute humidity can be computed from the relative humidity, h^, as shown In 
figure 3.3 and also by the method given later In this chapter. 



REUtTIVE HUMIDITY, h,. percent 


Figure 3.3 Molar Concentration of Water Vapor for Various 

Relative Humidities and Air Temperatures (P/P =1) 


As the temperature decreases, for a given relative humidity, the 

absolute humidity decreases, hence f „ and f . decrease. This effect 

r,N r,0 

gives rise to the largest variation of absorption with temperature. 
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There are other, smaller, temperature dependent effects. The first of 
these is due to the variation in vibrational specific heats of N 2 and 0^ 
with temperature. The effect of the variation in specific heat on the 
absorption due to the vibrational relaxation of O 2 is shown in figure 3.4. 
As the temperature Increases so does the absorption when holding the 
absolute humidity constant. An even smaller temperature effect is due 
to the change in viscosity, thermal conductivity, and rotational relaxa- 
tion frequency with temperature. Each of these effects tends to increase 
the absorption slightly with increasing temperature, all other factors 
being constant. 

The final parameter which affects the observed absorption is pressure. 
An increase in pressure has the same effect as a decrease in frequency, 
provided the pressure increase is not so large as to effect the ideality 
of the gas. For most atmospheric applications on the surface of the 
earth this effect is small. 



Figure 3.4 Temperature Dependence of Absorption Due to Vibrational 
Relaxation of Oxygen, h = 1.614504% 
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3.2 Simplified Expressions for Pure Tone Absorption 

As explained In topic 3.1, the sound absorption In air (a) can be 
considered to be the sum of contributions due to the vibrational relax- 
ation of oxygen, the vibrational relaxation of nitrogen, rotational relax- 
ation and classical absorption due to viscosity and heat conduction. The 
last two can be collected Into a single term and a written as, 

“ = o + o ji- « + where = a_, + a 

vlb,0 vlb,N CR CR Cl rot 

The classical absorption can be written In terms of the coefficients 
of viscosity and thermal conductivity as 

= [o)^/(2p®c^) ] [4y/3 + (y - D</(yc^)]» nepers-m ^ (3.1) 


where 


0 ) = 2tt times the acoustic frequency (sec ) 

_3 

p® = equilibrium gas density in kg-m 
c = speed of sound in m-sec 

c^ = specific heat at constant volume in J-(kg-mole) ^-®K ^ 
Y = ratio of specific heats 
p = coefficient of viscosity in kg-m-sec ^ 


< = coefficient of thermal conductivity in J-(kg-mole) -®K -kg-m-sec 
At frequencies much lower than the rotational relaxation frequency 
(-100 MHz for air), the absorption due to rotational relaxation can be 


written as 


= %[w /(yPc)]p[y(y - 1)R/(1.25 Cp)]Z^^^ 


(3.2) 


where 


P = the ambient pressure in N-m 
Cp = specific heat at constant pressure in J-(kg-mole) -®K 


Z = rotational collision number, 
rot 

The rotational collision number which is the number of molecular collisions 
required to establish rotational equilibrium has been measured over a range 
of temperatures and can be represented as (ref. 12) 
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Z = 60.8 exp -(16.8/T^^^), (3.3) 

rot 

where 

T = temperature in “K. 

Equations (3.1) and (3.2) can be simplified by making some approximations. 
First, if we use the Euken expression, 

K = (15Ry/4)[4c^/(15R) + 3/5] J-(kg-mole)"^-"K-kg-m"^-sec"^ (3.4) 

where 

R= xmiversal gas constant in J-(kg-mole) ^-“K ^ 

and with values of y,c , and c for air, equation (3.1) becomes 

P V 

2 —1 
”ci ~ /(YPc)](1.88y), nepers-m . (3.5) 

Recognizing that with these substitutions. 


a ^/a , = 0.0681 Z , 
rot Cl rot 


(3.6) 


we can write the sum of classical and rotational relaxation absorption, a , 

CR 

“ i[w^/(yPc) ]y (1. 88) [1 + 0.0681 Z ], nepers-m (3.7) 
CR ro t 

Further simplification results when the coefficient of viscosity is written 

in the form of Sutherland's equation 

(3.8) 


y = + S/T), kg-m"^-sec"^ 


where 

B = empirical parameter = 1.458 x 10 ^kg-m ^-sec ^-“K for air 
S = empirical parameter = 110. 4°K for air. 

With this substitution and 

c = 343.23 (T/T )^^^, m-sec“^ (3.9) 

o 

where 


c * speed of sound 

and = 293.15“K, equation (3.7) becomes 

a._ = 5.578 X lO"^ [ (T/T )/(T + 110.4) ][1 + 4.14 exp -(16. 8/T^^^) ] 

CR o 

X f^/(P/P ). (3.10) 

o 

Evaluating equation (3.10) for various temperatures indicates that a 
simplified empirical equation of the form 

18.4 X 10“^^ (T/T )^'^^f^/(P/P ), neper s-m“^ (3.11) 

CK O O 
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Is within 2 percent of equation (3.10) for temperatures between 213*K 
and 373“K. 


The absorption due to vibrational relaxation of nitrogen and oxygen 
both have the form 


“vlb,j 


ttS, f^/f , 
— 1 . 

1 + (f/f y 


-1 

f nepers-m 


(3.12) 


where 

“vlb.j 

S. 



absorption due to vibrational relaxation of oxygen or nitrogen 
relaxation strength 
relaxation frequency In Hz. 


The relaxation strengths are readily found for oxygen and nitrogen since 
they are 


where 




Cj ' = vibrational specific heat of nitrogen or oxygen 




(3.13) 


where 

X 


j 


and 6 


J 


= mole fraction of the component, 0.20948 for oxygen and 0.78084 
for nitrogen 

= characteristic vibrational temperature (2239. 1“K for oxygen and 
3352. 0“K for nitrogen). 


Thus far, all quantities have been expressed In terms of nepers-m 
Using these units, the signal amplitude. A, at some distance, R, from a 
source of amplitude, A , ignoring geometric effects, would be given by 

^RiU ^ 

A = A^e . It is more common to express the absorption In units of db-m 
where 


1 neper-m ^ = 8.686 db-m 

If the symbol "a" is used to denote the absorption coefficient In db/m, 
and since decibel levels are related to the square of the signal amplitude. 
It follows that 

-aR = 10 log(A/A^)^ or A = A^ X 10"®^'^^° (3.14) 

Combining equations (3.11), (3.12), and (3.13) gives an expression 
for the total absorption as 
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a(f) = 8.686(T/TQ)^^^[f^/(P/pQ)]{1.84 x lO"^^ + 2.19 x 10“'^(T/Tp)"^(P/Pj^) 

X (2239/T)^ [exp(-2239/T)]/[f^ ^ + (f^/f^ q) ] + 8.16 x lO'^^CT/T^)"^ 

X (P/Pq)( 3352/T)^ [exp(-3352/T)]/[f^^j^ +(f^/f^^jj)]} (3.15) 

where 

a(f) = absorption coefficient in db/m 
T = temperature in ®K 
Tq = reference temperature, 293.15°K 
f = acoustic frequency in Hz 

2 

P = ambient atmosphere pressure, N/m 

5 2 

Pq = reference pressure, 1.013 x 10 N/m 
Q = relaxation frequency of oxygen 

f = relaxation frequency of nitrogen. 
t,N 


The values for f^ ^ and f^ are not accurately known over the range of 
humidity and temperature covered in this study. Improved values of f 

r , u 

can be obtained from the experimental results reported here. For our pre- 
diction procedure , the values of f^ ^ and f^ suggested in reference 11 
were used, 

f = (P/P ) {24 + 4.41 X 10\ [(0.05 + h)/(0.391 + h)]}, Hz (3.16) 

IT 9 V U 

f^ jj = (P/Pp) (T/T^)‘^^2 [9 + 350h exp{-6.142 [ (T/T^)“^^^-l] }] , Hz (3.17) 
where h, the absolute humidity, in percent can be written as 


^ " \^^sat^^0^^^^^^0^* percent. 


(3.18) 


where 


h^ = relative humidity in percent 


and 


P = partial pressure of saturated water vapor, N/m . 
Using the Goff-Gratch equation, 

logfo " 10 -.79586 [1 - (T^^/T)] - 5.02808 log,^(T/T^^) 


01 


"10 


01 ' 


+ 1.50474 X 10“^(1 - 10 0.29692[(T/Tq^) 1]^ 
+ 0.42873 X 10~^(10^'^^^^^^^ “ ^^01^^^ ^-1) 


(3.19) 


-2.2195983 



where = 273.16°K. 

The procedure for computing a Is as follows: 

1. Determine P /P^ from equation 3.19. 

sat 0 

2. Compute absolute humidity using equation 3.18. 

3. Compute f^ ^ and f^ ^ from equations 3.16 and 3.17. 

4. Compute a in dh/m using equation 3.15. 

A program to do this calculation, written in FORTRAN is given in 
Appendix B.3, and is entitled AIRAB. 


3.3 Comparison with Prior Experimental Results 

During the course of this investigation, a comprehensive review of 
prior experimental measurements of sound absorption in still air was re- 
leased by L. C. Sutherland of Wyle Laboratories under contract to DOT 
(ref. 13). Although the analysis used and conclusions drawn are too 
lengthy to reproduce here, Sutherland concluded that the equations pre- 
sented in Section 3.2 provide an excellent representation of prior work. 

The reader should refer to the original report for details. It should be 
noted that in all previously published work, there are a total of less 
than 1500 data points; the experimental work reported here represents 
6,847 points. 

Following the publication of the report mentioned above, three other 
papers have appeared which provide some additional Information on sound 
absorption is still air. In reference 12 Bass and Sutherland report a 
review of very high frequency (1 mHz to 100 mHz) sound absorption in air 
over a range of temperatures (295®K to 773°K) which allowed them to deter- 
mine the temperature dependence of the rotational relaxation time of air 
hence Their results include those of Bass and Keeton (ref. 14) and 

are reflected in equation (3.15). A more recent paper by Bass, Keeton, 
and Williams (ref. 15) examines the temperature dependence of the vibra- 
tional relaxation frequency for oxygen/water vapor mixtures. Their results 
are consistent with the lack of a temperature dependence in equation (3.16) 
over the range of temperatures of concern in this report (255°K to 310“ K) . 


15 



EXPERIMENTAL PROCEDURE 


Experimental System 

The experimental portion of this study consisted in measuring, sound 
absorption in air at frequencies from 4 kHz to 100 kHz at 1/12 octave 
intervals and at temperatures from 255. 4°K to 310. 9“K at 5.5“K intervals 
and relative humidities from 0% to 100% at 10% intervals. The system used 
to make these measurements is diagrammed in figure 4.1. A series of bursts 
of plane sound waves from 2 to 10 milliseconds long was generated at the 
sound source and then allowed to reflect back and forth in the sound tube. 

The tube was made of aluminum and has a 25.4 cm internal diameter, a 0.95 
cm wall and is 4.8 meters long. There are suitable systems to control and 
maintain uniformity in temperature and relative humidity along the entire 
tube length. The amplitude of the sound wave in each echo burst was measured 
at each reflection by the microphone that terminates the opposite end of 
the sound tube. The path length for the sound can be varied by moving the 
sound source within the sound tube. As discussed later, this variation 
in sound path length enabled the separation of transmission and reflection 
losses. 


4.1.1 Sound Source and Microphone Transducers 

The sound source and microphone used in this experiment, shown in 
figure 4.2, are larger versions of the solid dielectric capacitor micro- 
phones described by Kuhl (ref. 16) and previously used in this laboratory. 
They consist of a thin dielectric sheet metallzed on one side, stretched 
tightly across a metal backing plate with the metallzed surface on the 
outside and insulated from the backing plate. A DC voltage (100 to 200V) 
is applied between metallzed coating and the backing plate. When used as 
a speaker, an AC voltage of the desired frequency is applied in series with 
the polarizing voltage. The AC voltage produced when the system is used 
as a microphone is amplified by a high input Impedance amplifier. 
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DIAGRAM OF EXPERIMENTAL APPARATUS 


HPS2I C PDP 1 1 C8IOO HP 141 

OSCILLATOR FREQUENCY COUNTER TELETYPE COMPUTER MCA OSCILLOSCOPE 



Figure 4.1 Diagram of the Experimental System for Measuring Sound Absorption 









0.97CH 



Figure 4.2 Diagram and Construction Details of the Transducers. 

A - sound tube cross section, B - sound tube wall, C - 
moveable speaker piston, D - rod for moving speaker, E - 
Teflon ring, F - 0.00064 cm aluminized mylar, G - backing 
plate, H - tension ring, I - compression spring, J - insula- 
tion, Teflon Impregnated glass sheet, and K - Insulated screw 
for holding the backing plate. 


Experiments were conducted using a 11.43 cm diameter prototype 
speaker-microphone system to measure the effects of changing the dielectric 
material, bias voltage and backing plate surface on the sensitivity, frequency 
response, linearity, and reflection coefficient of the transducer. A 0.64 cm 
diameter capacitance microphone with a calibrated frequency response exceeding 
100 kHz was used to measure the frequency response of various transducers. 
Originally, this microphone was considered for use as the receiver in the 
absorption experiments, but investigations showed that the 0.64 cm micro- 
phone had poor recovery characteristics when amplifying short tone bursts 
of sine waves on the order of 2 to 5 msec. The insertion of the microphone 
in the end plate also affected the reflection of the sound at high frequen- 
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cles . Thfi successful construction of the capacitor transducers with fre- 
quency response exceeding 100 kHz and ^Ith adequate sensitivity led to a 
decision to use these transducers as both_ microphone and sound source. 
Tests were conducted using 6.35 x 10 cm Kapton coated with aluminum 
and 6.35 x 10 cm mylar coated with gold, aluminum and chromium as the 

dielectric. No measurable effect on the sensitivity or frequency 

-4 

response was noted, and 6.35 x 10 cm mylar coated with aluminum was 
chosen to be used in the final transducers as the solid dielectric. 

Tests were conducted on backing plates with a smooth lathe finish 
(0.003cm/revolutlon, depth of groove less than 0.0003cm), with a polished 
finish, and with a coarse lathe finish (0.038cm/revolutlon, depth of 
grooves 0.008cm). No measurable difference was detected between the two 
smooth plates, but a uniform increase of 10 db In sensitivity was observed 
with the grooved backing plate. For the transducers used in the measur- 
ing system, the backing plate was polished flat and smooth. Figure 4.3 

shows a plot of the output of one of these transducers as a function of 

frequency as measured by a 0.64 cm capacitance microphone located one 
meter from the transducer on its axis. 

The output increased as the square of the frequency and was still 

increasing at the upper frequency limit of the electronics. The dip in 

output at about 40 kHz was very puzzling at first but has now been traced 
to the effect of Fresnel diffraction on the 0.64 cm microphone. In fact, 
the details of the Fresnel diffraction pattern were traced out by moving 
the 0.64 cm microphone through the radiation field of the transducer. 

This adds confidence that this transducer generated plane coherent waves. 

Both the sound source and microphone were constructed so as to com- 
pletely fill the cross sectional area of the sound tube. Figure 4.2 shows 
some of the details of the construction of these transducers. The sound 
source is a spool shaped plunger that could be slipped back and forth in 
the sound tube by a 1.27 cm stainless steel rod that passes through an 
0-rlng seal in the end plate that terminates the sound tube. The mylar 
film is attached to the floating ring, H, and is held under tension as 
it is stretched across the backing plate by three springs labeled "I" in 
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Frequency (kHz) 


figure 4.3 Output of the Solid-dielectric Capacitance Transducer. 

The transducer is 25.4 cm in diameter and the output is measured 
with a 0.64 cm B & K capacitance microphone located one meter 
from the transducer surface and on its axis. 


figure 4.2. Teflon gaskets around the outside edges of the two ends 
of the "spool" allow the plunger to fit snugly and yet slip easily inside 
the sound tube. 

The microphone, which terminates the other end of the sound tube, has 
essentially the same construction as the right-hand end of the speaker 
"spool." The microphone plate is connected by a rod to a bellows in the 
end plate of the sound tube. By stretching this bellows it is possible 
to move the microphone back toward the end of the sound tube about 1.91 cm 
so as to expose exit ports for circulating the test gas. This motion was 
accomplished by use of a pneumatic valve. 
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4.1.2 Electronic Equipment and Soiond Burst Generation 

The electronic components for generating and detecting the sound 
bursts are shown In the block diagram In figure 4.1. The bursts of 
sine waves to be applied to the speaker were produced by a General Radio 
1396-B tone burst generator which alternately Interrupted and passed the 
sinusoidal Input signal from an oscillator. The frequency of this 
signal was varied from 4 kHz to 100 kHz and was monitored with a Hewlett- 
Packard 521C frequency counter. The tone burst generator controlled the 
burst duration and the Interval between bursts. The length of the burst 
was maintained less than the time needed for the sound wave to travel 
down the sound tube and back In order to avoid the effect of standing 
waves. Typically, this burst time varied from 2 to 20 milliseconds as 
the effective length of the tube was varied. The time between bursts 
had to be varied to Insure that the echoes from one tone burst had decreased 
to background noise level due to absorption before the next burst was pro- 
duced. At low frequencies, temperatures, and humidities sound absorption 
Is small and a single burst was reflected for as long as a few seconds 
before being reduced to the background noise level. At high frequencies 
a period of less than 100 msec between bursts was required. 

The tone bursts from the GR 1396 were amplified by a Krohn-Hlte 
amplifier and capacltlvely coupled to the DC-biased transducer previously 
described. The received signal was amplified with a Princeton Applied 
Research amplifier and passed through a tuned filter prior to being dis- 
played on a Hewlett-Packard 141 Storage Oscilloscope and the Canberra 
8100 Multichannel Analyzer. 

Although it is relatively easy to display each exponentially decay- 
ing echo pattern on a storage oscilloscope. It is not so easy to get an 
accurate measure of these decaying burst heights out In a short enough 
time to allow the needed number of measurements to be made in a reasonable 
period of time. To accomplish these measurements a Canberra Data Acquisi- 
tion System was used as discussed below. This system included a Basic 
Quanta pulse height analyzer with a 1024 channel storage. 
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4.1.3 Temperature and Humidity Systems 


Perhaps the most difficult experimental problem encountered was that 
of controlling the environmental conditions of temperature and humidity. 

For the purpose of controlling the temperature, the sound tube was 
wrapped with 0.953 cm O.D. copper tubing. To Insure good thermal con- 
tact the copper tubing was pulled down tightly against the aluminum 
tube with refrigeration tape. The individual turns in the copper colls 
were about 2.54 cm between centers. To cover the complete 4.8 meter 
length of the tube, 6 coils consisting of 31 turns each were connected 
in parallel to 2.54 cm copper entrance and exhaust manifolds. In 
order to insure uniform flow, care was taken to keep the flow resistance 
the same in each of the six parallel coils. Antifreeze solution was 
circulated through these coils from a Forma Scientific Company Model 2324 
temperature controlled bath. This bath is capable of removing 650 
Btu/hour at 255®K, the circulating pump supplies 760 LPM at a 0.91 m 
head and its temperature controller is sensitive to ±0.02°K. Tempera- 
ture control and heating were accomplished by a 650 watt heater enabling 
the circulated fluid to either heat or cool the sound tube. Of course, 
the entrance and exit lines for circulating the antifreeze had to be 
carefully insulated. 

The sound tube and the associated cooling coils were surrounded 
by 15.24 cm of polyurethane insulation and enclosed in a box (5.2m)x(0.6m)x 
(0.6m) made of 1.91 cm pl 3 wood. All joints were taped with refrigeration 
tape. Temperature was monitored at 60.69 cm intervals along the sound 
tube by copper-constantan thermocouples mounted in thermal contact with 
the outside wall of the sound tube. The thermocouple voltages were 
read using a Hewlett-Packard Model DY 2010A Data Acquisition system. 

This system, which is capable of reading twenty-five channels of either 
voltage or frequency, was used to read the control variables before 
each absorption measurement. This system was interfaced to the PDP-11 
computer in the Canberra system and these values became part of the hard 
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copy output from the Canberra for each absorption measurement. With this 
system It was possible to maintain the temperature of the sound tube both 
uniform and constant to within a few tenths of a degree Kelvin. 

A second circulating system was required to establish and maintain 
the desired humidity. This circulating system is diagrammed In fig- 
ure 4.1. In this diagram, the part within the dotted lines is enclosed 
in the temperature controlled box. 

To establish the desired humidity within the sound tube the micro- 
phone was pulled back toward the end of the sound tube approximately 
1.91 cm exposing four 0.64 cm holes in the tube wall. The motion of 
the microphone was communicated through the end plate by a bellows that 
is connected to the end plate with an 0-ring seal. The sound source was 
then moved back until a similar set of four holes in the tube wall were 
exposed to allow a by-pass path for the circulating gas around the 
speaker surface and back into the sound tube in the region between the 
two ends of the moveable plunger. From there the gas passed through 
holes in the spindle and rear surface of the plunger and exited, through 
a 1,91 cm O.D, tube connected through a swagelock fitting to the end 
plate. 

To establish vapor equilibrium within the sound tube, the pump in 
figure 4.1 circulated the gas through the sound tube. Care was exercised 
in circulating the gas and in moving the speaker to maintain a positive 
pressure on the face of the transducers. This was necessary to avoid 
air pockets being formed between the mylar and the backing plate. The 
humidity was monitored with a General Eastern Dew Point Hygrometer Model 
1200AP. This unit is sensitive to dew point changes of 0.0278°K and 
measures dew points to an accuracy of 0.278'‘K using a platinum resistance 
thermometer sensor with a calibration traceable to the National Bureau 
of Standards . 

The circulating gas could be circulated either through a trap to 
add moisture or through another to remove moisture as shown in figure 4.1. 
The pump was capable of circulating the gas at a rate of 0.03 cubic meters 
per minute. At this rate the gas within the sound tube was completely 
replaced about every 8 minutes. 
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Experience was required to determine the best technique for estab- 
lishing the desired humidity within the tube. Typically, dry air was 
first Introduced Into the system and dry air absorption measurements were 
made. Next, the air was circulated through the humidifier for a few 
seconds to add moisture. Then the traps were closed off and the by-pass 
valve opened and the gas circulated from fifteen minutes to one hour 
while the humidity was monitored. The process was repeated until the 
desired humidity was established within the tube. The dew point was 
again determined at the end of the measurements which usually required 
from 3 1/2 to 4 hours. The experimental dew point was assumed to be 
the average between the Initial and final dew points. Their average values 
and the variation during the measurement are given In Table 5.1. 


4.2 Test Procedure 

The large amount of repetitive experimental data to be taken dictated 
the establishment of a definite test procedure. This was as follows: 

a) Sound source and microphone transducers were moved to their outer- 
most positions, uncovering the flow ports In the tube walls. 

b) A particular equilibrium temperature and relative humidity con- 
dition was set In the sound tube as described in Section 4.1.3. 

c) Flow was stopped through sound tube and the transducers moved 
Inward past the flow ports. 

d) First of four effective tube lengths for which absorption data 
were taken at each temperature-humidity condition was set. The 
tube length was set by positioning the sound source at different 
locations within sound tube. 

e) Atmospheric absorption data for each Individual frequency was 
taken as described In 4.1.2. After sufficient bursts were generated 
to satisfy statistic requirements the next frequency was set and 
the procedure repeated until data for all 57 discrete frequencies 
between 4 and 100 kHz were obtained. 

f) The second effective tube length was set by repositioning the 
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sound source and procedure described under e) repeated. 

g) Steps d) and e) were repeated for the other two effective 
tube lengths. 

h) After data for all four effective tube lengths were obtained, 
r both transducers were moved to their outermost positions, flow 

reestablished through dew point hygrometer to obtain an "end 
of test" reading of humidity. 

i) A new temperature-relative humidity condition was set and the 
whole procedure repeated. 

The number of bursts analyzed for each frequency varied from 10 to 2000. 
Thentimber of slnewaves generated on each burst was a function of the 
frequency and varied from 25 slnewaves per burst at 4 kHz to lOOO sine- 
waves per burst at 100 kHz. 

Measurements were first made at each temperature in dry air. Then 
the range of humidities from 10 to 90% were covered at each temperature. 
Generally the measurements at a particular temperature took about one 
week and proceeded from 10 to 90% R.H. Before the temperature was changed 
the system was pumped down and fresh gas introduced. Before adding water 
an abbreviated check run was made on the dry air. In appendix A. 2 a com- 
parison is made between the results of these dry air check runs and the 
original dry air values. 


4.2.1 Signal Handling Procedure 

The tone burst generator produced a series of tone bursts and the 
echo pattern of these bursts was continuously digitized and added in 
memory. Data acquisition time was set at 2 seconds for high frequencies 
and long burst length and 10 seconds for low frequencies and short 
burst lengths. 

The signal from the microphone passed from a B & K 2612 cathode 
follower to a PAR preamplifier, then to a filter and on to the analyzer. 
Prior to testing, an analysis was made of the Fourier components of the 
tone bursts as a function of the tone burst length and time between bursts 
This analysis indicated that a narrow but variable band pass filter could 
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be used to pass the frequencies of interest and reduce the noise. Tests 

showed that if the 3 db band width of the filter was maintained more 

than 4/t , where t is the length of the burst in seconds, the filter 
o o 

would produce a negligible rounding of the edges of the square burst 
envelope. Therefore, the pass band of the filter was made as narrow 
as possible by setting both the low frequency and high frequency cut 
off at the test frequency. 

The data acquired by the multichannel analyzer was analyzed by 
the PDP-11 using locally developed software written in BASIC. These 
measured values of the amplitude of the waves in the echo bursts were 
analyzed as discussed later and the resulting values of the sound absorp- 
tion printed out with a teletype terminal with final results outputed on 
paper tape. 

In addition to the acquisition of data associated with the absorption 
measurement, the PDP-11 had an interface to a Hewlett-Packard 2901A 
Input Scanner and 2401C Integrating Digital Voltmeter. This enabled 
the acquisition and storage of data relating to the temperature, the 
frequency, and the pressure for each absorption measurement. 

Figure 4.4 illustrates the characteristic decay of the initial and 

reflected bursts in a single echo pattern. The average amplitudes of 

the sine wave in each echo burst are labeled A, , A , A„ , . . . , A in the 

1 z J n 

diagram. These amplitudes must be measured accurately in order to deter- 
mine the value of sound absorption. At high frequencies the initial 
burst is quickly absorbed, but at low frequencies and temperatures a 
longer train of reflected bursts from each generated burst is observed. 

The most accurate method of measuring the amplitude of each tone 
burst envelope would be a measurement of the peak amplitude of each 
sine wave in the burst. A technique used in nuclear pulse analysis was 
adapted to this task. The amplitude of the peak height of each sine 
wave was sampled, converted to a digital value and stored in memory by the 
Canberra Basic Quanta System ( the multichannel analyzer with the PDP-11 
conqjuter interfaced) . The technique for analog to digital conversion 
involved a peak sample and hold circuit, the conversion of this analog 
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OSCILLOSCOPE TRACE 



Figure 4.4 Part A is a diagram of the oscilloscope trace of an echo 
decay pattern. Part B shows how the echoes separate and 
decrease in amplitude as the speaker-microphone separation 
is increased. 

signal to a digital value, and its storage in one to 1024 channels of 
memory, each channel representing a distinct value of amplitude. Each 
sinewave amplitude was stored as a count in the channel representative 
of its amplitude value. The accumulation of counts in the different 
channels allowed the determination of the mean amplitude of each wave 
burst. The unique ADC and sampling process associated with this multi- 
channel analyzer allowed each sine wave in each tone burst to be sampled 
with 0.1% resolution for frequencies up to 60 kHz. Because the data 
acquisition and storage time was dependent on the channel addressed, 
above 60 kHz it was not possible to count every pulse and retain 1024 
channel resolution. We chose to use 1000 channels and count alternate 
sine wave peaks for the pulses addressed in channels 500 to 1000. At 
100 kHz with a 5 millisecond tone burst, each burst represented the 
acquisition and storage of 500 counts. 
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4.2,2 Data Analysis to Obtain Measured Absorption Coefficients 


The data output used In obtaining the absorption can be understood 
by considering figure 4.4. This figure displays the decaying sound 
burst as indicated by the voltage coining out of the microphone. The 
electronic system discussed above enabled us to measure the average 
amplitude of the sine waves in each reflected burst. These amplitudes 
are labeled A^(x^), A^Cx^), A^(x^), ... , diagram. The 

sound bursts were Initiated by the sound source in one end of the sound 
tube at a repetition rate dictated by the ring time for the decaying 
burst. At high frequencies where the absorption is large only the first 
received burst was detected and the repetition rate was high. At the 
lowest humidities and frequencies the absorption was so low that up to 
a hundred echoes were necessary to extinguish the burst and in this 
case the repetition rate had to be decreased correspondingly. 

As the separation between the sound source and microphone is 
increased, the echo bursts separate in time and decrease in amplitude 
as shown in figure 4.4. If the amplitudes of the different echo bursts 
as a function of the distance between the sound source and the micro- 
phone are labeled Aj^(x), A^Cx), A^(x), ... , A^(x) , then the height 
of the nth burst as a function of x is 

A (X) - [A 
n o 

where 

A^ is the amplitude of the sound wave at the source, 
a is the total absorption coefficient in neper per unit length 

and 

3 is the reflection coefficient for the ends of the tube. 

Unless the surfaces of the microphone and speaker were carefully 
aligned parallel. Interference effects were observed at high frequencies 
that caused the echo decay pattern to be non-exponential. This was 
attributed to a variation in phase in the wave across the surface of the 
large transducer that resulted from the wavefront making an angle with 
the transducer surface. Since this angle was doubled with each reflection, 
at high frequencies, where the wavelength was a small fraction of the 
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tube diameter, a variation In alignment of a few thousands of a centimeter 
caused very noticeable effects on the decay pattern. The decay pattern 
was also very sensitive to concentration and temperature gradients In 
the tube, evidently due to the effect such gradients had upon the shape 
of the wavefront and hence the variation In phase across the surface of 
the transducer . 

In order to minimize the error Introduced by this phenomena, at high 
frequencies (40 to 100 kHz) the absorption was obtained from the variation 
of the initial burst height with distance. In this case n Is set equal 
to 1 In equation 4.1 and 

A^(x) = A^e““’", (4.2) 

thus the absorption coefficient was obtained from the slope of the plot 
of log(A^) vs X. 

At the lower frequencies (4 to 40 kHz) the absorption was so small 
that the attenuation of the sound in a single transversal of the tube 
was Insufficient to measure accurately. At these frequencies the absorp- 
tion was obtained from the variation of the decay constant of the echo 
pattern with distance. In this case, from equation 4.1, 

2 (ax + 3) = log [A (x)/A . , (x) ] . (4.3) 

e n n+J- 

and a is 1/2 the slope of the log of the decay constant when plotted as 

a function of distance. For this purpose the data acquisition PDP-11 
was programmed to calculate a decay constant at each position by making 
a least squares fit to the peak highs in the decaying bursts . Measure- 
ments were generally made at 1, 2, 3 and 4 meter separation between the 
speaker and microphone and stored in the computer until the end of the 
run. The absorption values calculated by the two methods were then 
calculated, printed out and punched on paper tape. Generally, the two 
methods agreed over the central range of frequencies . A lack of agree- 
ment in the two methods was found to be a good indication that equilibrium 
conditions had not been established in the tube before measurements began, 
in which case the data was reacquired after establishing suitable equilib- 
rium conditions. 

The computer program used to acquire and analyze the data is given 
in Appendix B.l. 
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^.3 Correction for the Tube 

Kirchhoff (ref. 17) In the 1860 's worked out the theory for the 
absorption of sound in a circular tube due to viscosity and thermal 
conductivity. However, the' analytical equation which he developed for 
the tube absorption fails when the ratio of the tube diameter to wave- 
length becomes large. We have developed a numerical solution to his 
basic equation for the propagation constant (ref. 18) and applied it 
in the past to measurements at low pressure (ref. 19). Here, the same 
solution was used to get the absorption due to tube wall losses. The 
results of this calculation are compared to measured values in argon 
in figure 4.5. The measured absorption should be the sum of the free 



Figure 4.5 Comparison of Measured and Calculated Absorption in Argon. 

The solid curve is calculated from a numerical solution of the 
Kirchhoff equation for sound absorption in a circular tube. 
(See reference 19.) 
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space absorption (a^ ^ ) and tube absorption free space 

absorption, which Is the desired result, is the difference between the 
upper and lower curves in figure 4.5. Clearly, measured values at high 
frequency are lower than those expected from this theory. Since the 
free space absorption for argon can be rigorously computed (ref. 20), the 
problem must be in the tube correction term. Figure 4.6 shows similar results 
for nitrogen. For nitrogen, which more closely approximates air, the 



Freouency (kHz) 


Figure 4.6 Comparison of Measured and Calculated Absorption in Nitrogen. 

The solid curve is the sum of the classical losses, calculated 
from a numerical solution of Klrchhoff's equation and the 
rotational relaxation absorption assuming a rotational relax- 
ation frequency of 313 MHz 
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difference between computed and measured total absorption Is much less. 

This is in part due to the fact that nitrogen has a greater free space 
absorption (with respect to the tube losses) which can be accurately pre- 
dicted. A more important difference, however, is probably the longer wave- 
length which results from the larger sound velocity in nitrogen. Figure 4 . 7 
shows the error in the absorption assuming all the error is due to the calcu- 
lation of tube absorption. 



Figure 4.7 The Fractional Error in the Theoretical Tube Correction as 

a Function of the Reciprocal of the Sound Wavelength for the 

25.4 cm Diameter Tube. Solid line is given by (a - 

o 1 meas 

a , )/a , = 0.014(1/A) ’ , when X is in cm. 

theor tube 

It can be seen that for a given wavelength the error is relatively 
Independent of gas and temperature. This feature suggests that the 
source of error is in the decreased wavelength encountered at high 
frequencies and also suggests a means of correcting the measured absorp- 
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tion for tube losses in the absence of an accurate technique of com- 
puting that term. The corrected tube absorption, then. Is written as 


V Sube'l-'’ - 

where 

a^^ = corrected tube absorption, db/meter 
^tube ~ t:ube absorption calculated using the numerical solution 
to the wave equation, db/meter 
and, X = wavelength In cm. 

The free space absorption can be computed as 


a 


f s 


a 

meas 


tc 


db/meter (4.5) 


where 

a = measured absorption In db/meter. 
meas 

The computer program used to correct the measured absorption to free 
space conditions is given in Appendix B.2. The free space absorption is 
argon computed using equation (4.5) is shown in figure 4.8. 

It should be noted that the different s 5 nnbols shown in figure 4.8 
represent data taken three months apart. The speaker diaphram was replaced 
between these measurements. We conclude, therefore, that the tube absorp- 
tion was independent of minor day to day variations in the system. 

The use of an empirical correction introduces the possibility that 
at least part of the correction term could actually be compensating for 
an inaccuracy in the procedure used to calculate sound absorption. For 
example, if the rotational relaxation frequency used in the prediction pro- 
cedure was too low, the experimental points at high frequency should fall 
below prediction. Similarly, if the viscosity assumed for argon was 
too high, the experimental results would fall below predicted values. 
Actually, these basic physical properties are known quite accurately, 
however, in order to insure that errors in these quantities or some 
unidentified term in the free space absorption was not responsible for 
the observed discrepancy, a new tube was constructed. 

The second tube was a smaller scale replica of the primary tube. 

It was 110 cm long and 5.715 cm inside diameter. Figure 4.9 shows 
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Figure 4.8 The Free Space Absorption of Sound In Argon. The data 

represented by the x's were taken November 19, 1975, and 
those represented by O's were taken February 16, 1976. 

The solid curve is the classical free space absorption 
due to viscosity and thermal conductivity. Measured values 
were corrected by equation (4.5). 


experimental measurements made in the new tube with nitrogen and argon 
along with the theoretical curve with no empirical correction. At higher 
frequencies, the systematic deviation between measured and calculated 
total absorption is now absent. It is clear, therefore, that the discrep- 
ancy observed in the large tube is associated with the tube diameter and 
does not represent an error in the method used to compute free field absorp- 
tion. This conclusion is further substantiated by the measurements made 
in the small tube shown in figure 4.10. In this figure, the absorption 
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Figure 4.9 Absorption in Argon and Nitrogen Measured Using the Smaller Tube. 
(110 cm long X 5.715 cm inside diameter) 


measured in the small tube in dry air converted to free field conditions 
with no empirical correction term is compared to that measured in the large 
tube corrected with the empirical term. The excellent agreement indicates 
to us that the enqplrlcal correction is justified and accurate. In calcu- 
lating for both the small and large tube the energy and tangential 

momentum accommodation coefficients for argon were taken from the litera- 
ture as 0.7 and 0.9 respectively. The corresponding values for N 2 and 
air were assumed to be 0.6 and 0.8. The uncertainty in these values 
produces a negligible error in the calculated 
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Figure 4.10 The Free Space Sound Absorption in Dry Air as Measured 
In Two Different Size Tubes. Large tube: 480 cm long 
X 25.4 cm I.D.; small tube: 110 cm long x 5.715 cm I.D 


ABSORPTION COEFFICIENT (db/m) 
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5 DISCUSSION OF EXPERIMENTAL RESULTS 
5.1 Pure Tone Results 

Graphs and conq>uter printouts of measured pure tone absorption In 
db/m corrected for tube effects are given In Appendix A.l. Also Included 
are the predicted values calculated using the computational technique 
described In section 3.2. A typical graph Is given here as figure 5.1. 



FREQUENCY (kHz) 


Figure 5.1 Sample Measured and Predicted Absorption Coefficients 
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The most striking feature of figure 5.1 and the figures in Appendix A.l 
is the excellent agreement between predicted and measured absorption. A 
more careful examination will disclose some differences which will be dis- 
cussed in this section. The general agreement between theory and experi- 
ment is very satisfying since a great deal of effort was involved in develop- 
ing the equations in Section 3.2. It is also satisfying that the experiment 
suggests some slight improvements to this theory. 

The original plan called for measurements in 10% relative humidity 
increments from 0% to saturation. In order to provide a ready compari- 
son to calculations, it was decided to express all relative humidities 
in terms of the relative humidity which would be measured over water. 

At low temperatures, the actual relative humidity, which one would mea- 
sure with an instrument such as a dew point hygrometer, would be that 
over ice. There is a significant difference here, so one must be careful 
when defining this term. We chose to follow the customary practice of 
using the vapor pressure of water to compute relative humidity. Therefore, 
at low temperatures, it was not possible to achieve 80 or 90% relative 
humidity because these humidities, calculated from the vapor pressure of 
water, correspond to greater than 100% relative humidity when the vapor 
pressure of ice is used. In addition, at saturation conditions the 
acoustic signal was very noisy and was not very stable with time. For 
this reason, some of the measurements at saturation were omitted. Enough 
were made, however, to insure that the absorption continues to vary as 
expected. Other omissions in the data in Appendix A.l consist of a few 
individual frequencies where the measured value contained an obvious error, 
and some low frequency and low humidity values where the absorption was so 
small that the measured values were deemed unreliable. The actual exper- 
imental grid of dew points in °K is given in table 5.1. These were the 
values actually read from the dew point hygrometer. The experimental dew 
point was taken to be the average of the dew point measured at the beginning 
of the run and the value measured after the data had been collected (approx- 
imately three hours later) . The deviation between the average dew point and 
beginning or final values are also given in table 5.1 as the uncertainty. 
These dew points are expressed as relative humidities in table 5.2. 
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Measured Dew Points (*K) 


Target Relative Hu yldlty Z 



10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

255.4 

233.6±1.3 

240.9*0.7 

245.3*0.1 

247.7+0.1 

250.0+0.1 

251.8+0.1 

253.4+0.1 

— 

— 

— 

260.9 

237.Stl.4 

245.7+0.3 

249.3S0.2 

251.9±0.6 

254.8+0.1 

256.7+0.1 

258.5*0.1 

259.510.3 

— 

— 

266.5 

242.910.3 

249.5+0.2 

254.1+0.2 

257.2+0.1 

2J9.ii0.1 

261.4+0.2 

263.U0.2 

264.710.1 

266.210.1 

— 

272.1 

246.7*0.4 

253.9*0,1 

256.320.1 

261.7+0.1 

263.6+0.5 

266.2+ - 

267.510.2 

269.4+0.2 

271.310.2 

— 

277.6 

250.610.3 

258,4+0,1 

262.9+0.1 

266.2+0.1 

268.8+0.1 

270,9+0,1 

272.5+0.1 

275.510.1 

276.010.1 

— 

283.2 

254.6+0.2 

262.3+0.2 
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— 
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— 
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274.2+0.1 

264.1+0.1 

290.5*0.1 

295.0+0.1 

298.710.1 

304.5+0.1 

301.510.1 

306.8+0.1 

308.8+0.2 
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Table 5.1 Experimental Dew Point Grid 
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Table 5.2 Experimental Relative Humidity Grid 


A careful examination of the experimental data in Appendix A will 
reveal a systematic difference between measured absorption and the 
predictions of the equations in Section 3.2. This difference is most 
noticeable at 10% relative humidity and a temperature of 299.9 °K. This 
difference is beyond the range of experimental scatter. On first exami- 
nation, we felt the difference was possibly due to an error in humidity 
so several of the runs were repeated . The second runs removed some dis- 
crepancies and confirmed others. For example, as discussed in the follow- 
ing section on experimental error, a point by point comparison of the 
data at 299. 9“K and 10% RH taken on March 22, 1976, with that taken on 
May 21, 1976, showed an average difference of 0.006 db. We conclude that the 
difference between experiment and theory is real and that some Improvement is 
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required in the prediction procedure. The variation of this difference 
with humidity leads us to conclude that the problem is in the oxygen 
relaxation frequency. Figures 5.2 and 5.3 give predicted values of the 



Figure 5.2 Comparison of Experimentally Obtained Values of the Relaxation 
Frequency of Oxygen in Air as a Function of Absolute Humidity 
(h) with Predicted Values from Equation 3.11. 


relaxation frequency of oxygen, f using equation 3.11 and the values 

r , o 


In order to extract values of f - from the 

r,0 


determined in this study, 
experimentally measured absorption, the experimental points were first 
corrected for tube effects to give the free field absorption. Then the 
classical absorption and nitrogen vibrational relaxation absorption, 
computed as described in Section 3.2, were subtracted from the free field 
absorption leaving the absorption due to the vibrational relaxation of 



I 



Figure 5.3 Comparison of Experimentally Obtained Values of the Relaxation 
Frequency of Oxygen in Air as a Function of Absolute Humidity 
(h) . See figure 5.2 for symbols list. 

oxygen. Finally, the oxygen relaxation absorption was computed using 

equation 3.16 with several values of f „ above and below the value from 

r,0 

equation 3.11. The value of f which gave the smallest standard devia- 

r,0 

tion between predicted and measured relaxation absorption was taken to be 
the correct value for f^ ^ at that humidity. These values are given in 
figure 5.2. It can readily be seen that at high values of the absolute 
htamidity, h, equation 3.11 predicts a relaxation frequency significantly 
higher than that measured here. At lower humidities or temperatures where 
there exist prior experimental measurements, the agreement is quite good. 
At high humidities and temperatures, the vibrational relaxation of oxygen 
is shifted upward in frequency to where it is a small part of the total 
absorption hence there is no noticeable difference between experiment 
and theory as shown in the graphs of Appendix A. It was not possible in 
the time allotted to modify the equations in Section 3.2 accordingly. 

This modification will be made in the following months and the results 
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published in the open literature. This difference will also be brought 
to the attention fo the Sl-57 Working Group so that modifications can 
be incorporated in the proposed ANSI standard. 

5.2 Error Analysis 

There are several potential sources of error in the experimental 
measurements. These Include an error in dew point, an error in frequency, 
an error in pressure, an error in temperature, error in lengths, errors 
due to gas impurities, and error in absorption measurement. Each of 
these terms will be examined below, however, it will be shown that errors 
in the measurement of these quantities is small compared to errors not 
directly associated with these definable parameters. 

Dew point ; The dew point could be read with the dew point hygrometer 
to within 0.06°K. The platinum resistance thermometer in the hygrometer 
has a calibration traceable to the National Bureau of Standards and is 
accurate to within ±0.06“K. The dew point was measured before and after each 
run. The deviation of the initial and final dew points from the average 
provides the best measure of changes in dew point with time and hence error 
in the dew point. In order to determine the effect the deviations listed 
in Tables 5.1 and 5.2 would have on the measurements, the average relative 
humidity was replaced by the maximum deviation from the average and the 
predicted absorption, as shown in the tables of Appendix A, was recomputed. 
The difference between the absorption predicted at the average relative 
humidity and that predicted for the maximum deviation from the average 
was taken to be the maximum error in absorption which might have resulted 
from an error in dew point measurement. In all cases, this error was 
less than 7 %, a quantity which is smaller than the size of the data 
points in Figure 5.1. 

Frequency ; The frequency was simultaneously measured with a GR 1192 
Frequency Meter and an HP Digital Voltmeter. In all cases, the frequency 
was within 0.2% of the target frequency as listed in the Tables in 
Appendix A. A 0.2% error in frequency will lead to approximately 0.2% 
error in absorption. This error was only encountered at the lowest fre- 
quency (4 kHz) and was equally probable in either direction. Therefore, 
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errors In frequency could give at most a 0.2% scatter In the data at 
4 kHz. At 100 kHz, the error in frequency was completely negligible. 

Pressure ; The pressure was measured on a mercury manometer and 
monitored with a Texas Instrument Company quartz-bourdon pressure gauge. 

The pressure readings were good to a few tenths of a percent. However, 
the pressure varied over the course of measurements by about 0 . 5% due to 
the variation in temperature of various parts of the gas handling system 
and to the change in volume of the system when the speaker moving rod 
was moved into and out of the sound tube. In some cases, when adding 
water vapor the pressure occasionally was allowed to go above atmos- 
pheric by about 4%. Even so, this variation could produce only a 
few tenths of a percent change in the absorption. 

Temperature ; The temperature was monitored by nine thermocouples 
equally spaced along the outside of the sound tube. A tenth thermo- 
couple of the same type (Copper-Constantan) was placed in an insulated 
Dewer along with a calibrated thermometer. The temperature at each 
location was read each time the transducer separation was changed. The 
reading on the thermocouple in the dewer was compared to the reading on 
the standard thermometer and always found to be within .4® K. This 
led us to conclude that the thermocouple accuracy was i .4° K. The 
temperature variation over the sound path was never greater than 1®K 
and generally less than 0.25®K. Based on this, we conclude that the 
error in temperature was less than 0.7®K with a corresponding error in 
absorption of less than 0.7%. 

Distance ; The measurement of the change in distance between the 
speaker and microphone need be made only to an accuracy of a few milli- 
meters in order for the distance measurement to introduce negligible 
error in the absorption. This accuracy was easily obtainable with a 
well calibrated meter stick. Error in the distance measurement, therefore, 
contributed negligible error to the results. 

Gas Purity ; The gas purity was carefully controlled in all measure- 
ments. The gas used for the measurements was Matheson ultra-high purity 
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air. The listed composition Is as follows: Nitrogen 78.084%, Oxygen 

20.946%, Argon 0.934%. Carbon dioxide 0.033%, rare gases 0.003%. The 

dew point is listed as 213. 7“K maximum and the hydrocarbon level as lehs' 

2 

than 0.1 p.p.m. The system was pumped down to 6.67 N/m and leak 

checked before introducing the test gas. The combined leak and out- 

2 

gassing rate was less than 1.33 N/m per minute. Near the end of 
the experiment a leak was discovered in the cold trap that allowed some 
ethylene glycol (antifreeze) into the system. This material has a low 
vapor pressure and should have a negligible effect upon the absorption. 
Runs that might have been influenced by this material were repeated to 
eliminate errors that might have resulted. 

The Absorption Measurement : The accuracy of the absorption measure- 

ment depended only upon the linearity and stability of the microphone 
and associated electronics. This linearity was easily checked by 
measuring the decay constant of the echo decay pattern with different 
sound levels. (If the electronics were linear the decay constant 
should be independent of sound amplitude.) No consistent variation from 
linearity was observed in this check. The stability of the electronics 
was checked periodically by repeating initial measurements at the end 
of a run. These tests eliminated non-stability and non-linearity in 
the electronics as a source of appreciable error in the results. 

Generally the signal to noise ratio was so great as to eliminate 
noise as a factor. Only at high humidities where the transducer output 
decreased or at very small absorptions, where the decrease in amplitude 
between reflections was very small, was there any problem in resolving 
accurately the heights of the various peaks. 

This discussion of error in definable parameters sets an upper limit 
of error in the absorption at approximately 1%. This figure can be com- 
pared with the difference between measured values . As explained in the 
section on experimental procedure, measurements were first made on dry 
air at each temperature and then later (sometimes as much as 5 months 
later) abbreviated check runs were made on dry air each time fresh gas 
was introduced into the system. A point by point comparison has been 
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made between the check runs and the original runs In Appendix A. 2. The 
next to the bottom row In Table A. 2.1 gives the average percentage dif- 
ference In the measured values at each temperature, counting all differ- 
ences as positive. This can be taken as a measure of the accuracy of an 
Individual measurement. The bottom row In this table gives the average 
percentage difference, counting this difference negative when the second 
value is larger than the first. The values In this row, therefore, are 
a measure of the consistent error that might result from long term changes 
In calibration. We consider these two rows to be "worst case" values 
since the absorption In dry air Is small and the check runs were sometimes 
made before teiq>erature equilibrium was well established. 

In making check runs one of the runs repeated was at 299. 9°K and 10% 
RH. The first was made on March 22 and the second on May 21. A point 
by point comparison of these measurements Is given In Table A. 2. 2 In the 
appendix. These two runs were made on different gas samples, before and 
after the discovery and correction of the ethylene glycol leak, and before 
and after the measurements with the small tube. Even with these changes 
and time lag, the examination of the data, point by point, shows an average 
difference of approximately 1% in the total absorption measured at the in- 
dividual frequencies. This difference In the two sets of data was too 
small to plot on a 299. 9 ®K/ 10% RH curve in Appendix A.l. 

Probably the largest source of error is not accounted for in the 
above analysis and arises due to a departure of the sound from plane 
wave propagation. As already mentioned, the response of the micro- 
phone was very sensitive to changes in the shape of the wavefront and to 
the angle the wavefront made with the large transducer surface. At the 
hlgihest frequencies, the wavelength was only a few millimeters long and 
such changes produce interference effects across the surface of the trans- 
ducer. In addition, at certain frequencies on occasions the echo pulses 
were not square. An examination of the pulse showed an interfering wave 
overlapping part of the pulse and extending into the region between pulses. 
This phenomena was inteiT)reted as being due to transverse or higher order 
vibrational modes within the tube, and sometimes could be associated with 
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an air pocket between the mylar and the backing plate on either the 
microphone or speaker. We can conclude that temperature gradients, 
concentration gradients and alignment limitations probably are the pri- 
mary source of experimental error. These effects produce disturbances 
in the shape of the wavefront that cause changes in the microphone 
response that far exceed that due simply to the variation in the sound 
absorption. Such errors, however, should be random from run to run. 

Errors attributed to these effects were sufficiently large to warrant 
repeating part or all of only 12 out of 113 runs. The runs repeated for 
this purpose were: (all written as °K/% RH) 266.5°/30%, 266.5°/50%, 
272.0V20%, 268.7“/10%, 268.7°/20%, 268.7“/30%, 283.2°/10%, 283.2°/20%, 
283.2°/30%, 283.2“/40%, 294.3°/10%, and 305.4“/80%. The check runs 
eliminated some obvious errors but reveal no change in the calibration of 
the system or consistent error in the original data. The rest of the 
tables and figures of Appendix A.l contain data with only minor editing 
to remove obvious errors. 

Tube Corrections : One of the most difficult problems in any experi- 

mental effort to measure low frequency sound absorption is the correction 
for secondary effects. The tube method used here was chosen because, hope- 
fully, the only secondary effect that would have to be considered would be 
the wall losses and these could be reliably treated theoretically. As dis- 
cussed in the experimental section, over most of the frequency range this 
proved to be the case. At the high frequency range (60 to 100 kHz) a small 
empirical term was developed to bring the theoretical tube loss into agree- 
ment with experimental results. In order to insure that the tube losses 
were being correctly calculated by this method, a small tube was constructed 
and used to measure absorption in argon, nitrogen and air. With this tube 
no empirical term was necessary and the free space absorption measured with 
this tube agreed with the high frequency values measured using the large 
tube (see figures 4.9 and 4.10). 

Of course, the accuracy of the free space absorption measurements is 
dependent upon the accuracy with which the tube correction can be made. 

The accuracy of this correction is especially critical at the smallest 
values of absorption shown in the figures in Appendix A. At 4 kHz, for 
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example, the tube absorption Is approximately 0.15 db/m. As seen in the 
figures, this is 50 times the free space absorption in dry air. Therefore, 
any error in the tube correction or the measurement causes an error 50 
times as great in the reported free space absorption. At higher humidities 
and frequencies this ratio is much more favorable and over most of the 
range the tube and free space absorption are the same order of magnitude. 

To obtain a check on the accuracy of the Lube correction, we examined 
the measurements in dry nitrogen since this gas closely approximates air 
and in this gas the free space absorption is accurately known, being due 
only to the classical effects of viscosity and thermal conductivity plus 
a small contribution due to rotational relaxation. (In this frequency 
and temperature Interval vibrational relaxation absorption is negligible 
in nitrogen.) The computer program for the numerical solution for the 
tube absorption plus the empirical term was used to correct the absorption 
measurements in nitrogen to free space conditions. The average difference 
between these measured values corrected to free space conditions and the 
theoretical free space absorption divided by the tube absorption was 
taken as a measure of the percentage error in the tube correction. This 
comparison between theoretical and measured values in nitrogen gives an 
average error of 0.2% in the tube correction in the frequency interval 
4 to 25 kHz and 0.6% in the frequency interval from 25 to 100 kHz. 
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6 CALCULATION OF ATMOSPHERIC ABSORPTION FOR BANDS OF NOISE 

6.1 Analysis 

6.1.1 Known Source Spectrum 


The measurements and theory described in the previous sections 
considered the absorption of a pure tone. In practical applications, 
it is more common to encounter a finite band of noise. Therefore, a 
procedure is required which will allow the pure tone results to be 
applied to propagation of bands. The band loss is defined as the 
difference in decibels between an integral over frequency of the power 
spectral density at the source and an Integral over the same band at 
the receiver. Defining 

“ 3 

B. = / W(f)T,(f)df watts/m (6.1) 

1 0 ^ 


where 

= band power for the ith band 
W(f) = acoustic power spectral density 
T^(f) = transmission function of the filter (0 to 1) 

and 

f = acoustic frequency in Hz, 


the band loss in db becomes 

ALi = -10 log^g (B^(R)/B.(0)) db (6.2) 

where 


B^(R) = band power for the ith band a distance R from 
the source 

B^(0) = band power for the ith band at the source. 
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The soimd pressure, F, at a distance R from a source with sound pressure 
P can be written as 

P = P newt/m^ (6.3) 

o 

where 

a = pure tone absorption coefficient In db/m 
R propagation distance In meters 

and spreading losses have been Ignored. Spreading losses can be added to 
the final result without loss of generality. Since the acoustic energy is 
proportional to the square of the rms pressure amplitude, 

W(f,R) = W(f,0)10"®^'^^° joules/m^ (6,4) 

3 

where W(f,0) = energy density at frequency f at the source, joules/m , 
so the band loss AL^ becomes 

AL^ = -10 logj^Q /” W(f,0)T^(f)10“^^^^° df/ /“ W(f,0)T^(f)df, db. (6.5) 
o o 


Due to the complex form of a(f ) , equation (6.5) can not be evaluated in 
closed form even for simple functions W(f,0) and T^(f). In order to 
evaluate AL^, then, numerical integration is required. Therefore, evaluation 
of band loss becomes merely the performance of this numerical integration 
for the required conditions. 

It is informative to set up the numerical problem in a way that makes 
the results easy to Interpret. This can be done by writing W(f,0), T^(f), 
and 10 in the form (f/f^)^ where f^ is a reference frequency and q is 

a constant to be determined. In this form, the Integrals in equation (6.5) 
can be divided up into small segments over which q is constant. This pro- 
cedure allows one to Identify the important properties of ALj^. 

While setting up this procedure, we will assume the band is a fraction 
of an octave in width so that 

= r (6.6) 


where 

f^^^= center frequency of the i+1 band, Hz 
f^= center frequency of the 1th band, Hz 

and 

= frequency ratio between band centers. 


r 
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We will further divide the ith band into b segments by defining a set of 
frequencies in the band 


f . 

3 




Hz (6.7) 


where 


f j = a geometrically spaced frequency in the ith band, Hz 
f^ = center frequency of the band, Hz 

b = number of segments into which the band is divided. 
This procedure is illustrated in figure 6.1. 



Figure 6.1 Illustration of Segmentation of the 1th Band for 
Integration of Attenuated Spectrum Level 


The band level of the 1th band can be written as 


L. = 10 log^Q /“ W(f,0)T^(f)10"®^/^° df/Wj.gf, db (6.8) 


and 


T^(f) = the filter response for the ith band 


W^^^ = arbitrary reference power. 


If we let L, be the band level at the source, then 
io 


50 





- 10 log^Q r w(f .0)T^(f)df/W^^^, db. (6.9) 

o 

By comparison to equation ( 6 . 5 ), 

AL. -= , db. (6.10) 

1 1 lo 

Over a finite band, the source spectrum W(f,0) will generally vary. If 
the variation takes the form of a sharp spike then narrow band analysis 
Is required. However, If the variation Is smooth over a band, then a 
constant slope for the Input spectrum will be a reasonable approximation. 

In this case, the spectrum level Lj^ for any band with a center frequency 
f can be written In terms of the spectrum level L of any other band with 
center frequency f^ as 

+ 10m log^Q ^V^l^ (6.11) 


The term m serves to characterize the slope of the source spectrum which 
Is assumed to be Independent of frequency. If one writes the energy density 


at any frequency, f, as 


W(f) = W(f^) (f/f^) 


m 


joules/m (6.12) 


then for a fractional octave band filter It can be shown that m' = m - 1. 

For a fractional octave band filter. If m' = 0, then the source consists of 
white noise and the spectrum level will increase for successive bands at 
a rate of 10 db/decade since the filter increases in width as the center 
frequency of the filter increases. If m = 0, the fractional octave band spec- 
trum level will remain constant (pink noise) but the energy density must de- 
crease with Increasing frequency. (For a fixed bandwidth filter, m' = m. ) 

We are concerned here with fractional octave band filters where m' = m - 1. 

If one plots spectrum level versus log f, 10m is the slope of the 
line, i.e., when f/f^ varies by 10, changes by 10m. The slope of the 
input spectrum level, then, is 10m db/decade. Over a single bandwidth the 
slope is given by 

S = 10m log(r) = 10(m* + l)log(r) db/(band) (6.13) 

B 


It is generally more meaningful to specify S , the input spectrum slope/ 

B 

band and then compute an effective value of m over the bandwidth using 
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equation (6.13). S for the ith band can be found from the source spectrum 
level by taking the difference between the level for the 1+1 band and 
the 1-1 band and dividing by two. 

So far we have considered only the change In the source level with 
frequency. Next consider the change In absorption coefficient a with 
frequency. Following the suggestion of L. C. Sutherland, we will represent 
the absorption by a function which varies linearly with log f, l.e., 

10~a(f)R/10 « A(f J (f/fj)"’^ (6.14) 

where 


A(fj) = 10 


-a(fj)R/10 


= atmospheric transmission at 


f . 

J 


fj = the lower frequency of some band segment 

n = a constant to be determined. 

Taking the of both sides. 


-a(f)R = -lOn log^Q(f/fj) - a(fj)R ^b (6.15) 

or 

n = [a(f)R - a(f.)R]/(10 log (f/f.)). (6.16) 

J 10 J 

If the band Is divided into b constant percentage segments, from 
equation (6.7). 

f.^, = f.r^''^ Hz. (6.17) 

J+1 J 

Using equation (6.16) for the jth segment of the band. 


[a(f^^^) - a(f.)]R 
(10/b) logj^Q (r) 


(6.18) 


As was done for the slope of the input spectrum, it is useful to define 
a slope of the attenuation curve, S^, as 

= lOn log^Q(r), db/octave. (6.19) 


However, in this case, Is not a constant over the width of the band. 

is a measure of how rapidly the air absorption is changing over the 
total propagation path. 

The only term remaining in equation (6.5) which must be considered 
before evaluating AL^ is T^(f). There are two cases which will be con- 
sidered in detail here: 
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( 6 . 20 ) 


Case #1 - Perfect 1/3 octave band filter 

T. 


0 for f < f^/(2)^^® or f > f^(2)^'^^ 


+.05 


to f < fj^(lO) 


-.05 


= 1 otherwise 

If we had chosen to define the bandpass as f > f^(lO) 
the result over a single band would differ from those based on equation 
(6.20) by approximately .04 percent. 

Case #2 - ANSI Class III 1/3 octave band filter (minimum limits) 

for 9 f^/10 < f < 10 f^/9 

\ ( 6 . 21 ) 

CtUU XU I 

-7.5 


= 1 

= (8/13 + 2500(f/f^ - f^/f)®)“^ for f^/5 < f < 9 f^/10 

and 10 f^/9 < f < 5 f^ 


T. = 10 

X 


for f < f^/5 or f > 5 f^. 


Most real analog filters closely approximate Case #2, an ANSI Class III 
filter, while digital filters come closer to Case #1. We will again find it 
convenient to write the filter response in terms of the ratio i*e. 


T.(f) = (f/f )^(f ), 
.3 J J 


( 6 . 22 ) 


where 


Tj(f) = the filter function at some frequency f in the jth segment 

fj = lower frequency for the jth segment 

T(f.) = filter fvinction at f, 

J j 

k = constant to be determined. 

Using the same procedure as before, k is the filter roll off per decade 

[T(f^^p/T(f J] 


k = log 


and 


(10/b)log^^r ’ 


Sp = -10k log r 


db/ decade 


db/band 


(6.23) 


(6.24) 


gives the filter roll off per band. One must be careful with the signs 

here since the sign on both k and S„ will change at f . Below f , k is 

r X X 

always negative (or zero) and above f^, it is always positive (or zero). 

Using equations (6.1), (6.4), (6 ..12), (6.14) and (6.22), the attenuated 
band power over the jth segment is 

B (R) = / W(f ,0) (f/f A(f.)T(f )df, watts/m^ (6.25) 

•J .c 3 3 3 3 
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and the source band power level for the same segment is 


B.(0) = / W(f.,R ) (f/f )°‘'‘^^'T(f.)df 

3 ^ 3 ^ J 3 


(6.26) 


where 


and 


W(fj,0) = source energy density at f^= W(f^)[r r^^ l)/bjm 

m' = slope parameter of input spectrum (equations (6.12), (6.13)) 
n = slope parameter of attenuation curve (equation (6.18)) 
k = slope parameter of filter function (equation (6.23)) 

A(f^) = atmospheric transmission function at f^ (equation (6.14)) 

T(f.) = filter transmission function at f. (equations (6.20) or (6.21)). 
3 3 


Evaluating the integrals in equations (6.25) and (6.26), 

B.(R) = A(f.)T(f ;)W(f .,0)(m-n+k)“^(r^"‘“"‘^^^'^^-l)f , watts/m^ 
3 J J J J 

or 

B.(R) = A(f.)T(f.)W(f .,0)f .(In r)/b 
3 3 3 3 3 

and 

Bj(0) = T(f jW(f^ ,0) (nri-k) ^ (r ^^-1) f ^ watts/m^ 

or 

B.(0) = T(f )W(f ,0)f (In r)/b 
3 j J J 

where 


for m-n+k ^ 0 

(6.27a) 
for m-n+k = 0 

(6.27b) 

for (m+-k) 0 

(6.28a) 
for m=k = 0 

(6.28b) 


m 


= m' + 1 = one tenth of the slope of the input spectrum level/decade as 


defined by equation (6.11). The band loss AL^ from equation (6.5) can now 
be written as 


b b 

AL. = -10 log [ ^ B,(r)/ J B (0)], 


j-1 


3 = 1 ' 


db 


(6.29) 


Evaluation of (6.29) using (6.27) and (6.28) constitute the numerical 
integration of (6.5) for this case. It should be noted at this point that 
for the ANSI Class III 1/3 octave band filter, the sums in equation (6.29) 
must include contributions outside the normal band limits since T(f) does 
not sharply terminate the integral (equation (6.5)) at f^/v^ and • 


54 


6.1,2 Known Received Spectrum 

Up to this point, we have considered the band loss in terms of the 
source spectrum. In practice, however, it is often necessary to record the 
spectrum at some distance from the source and then reconstruct the 
source spectrum. In this case, the slope of the source spectrum, m, is 
not known before correcting for atmospheric losses. However, the theory 
can still be applied by writing all the equations in terms of the received 
spectrum slope. Let W(f,R) be the received energy density. If the re-^ 
celved spectrum has a constant slope over the ith band, we can write 

W(f,R) = W(f^,R)(f/f (6.30) 

where, as before for the m's, 

W(f,R) = energy density at distance R from the source at frequency f, 
joules /m^ 

f^ = center frequency of the band, Hz, 
and 10 q' = slope of energy density change/decade. 

If we write the slope of the received level per bandwidth as S' then 

B 

Sg' = lOq log(r) = 10(q'+ 1) log^^Qt db/bandwidth (6.31) 

where 

lOq = slope of received spectrum level in db/decade. 

The band loss can now be written as 

AL. = -10 1os^q[ /” W(f,R)T. ff)df / /” W(f,R)T. (f)10'^^^'^^° df], db (6.32) 

o o 

since 

W(f,R) = W(0,f)10 from equation (6 .4) 

Using this procedure, equation (6.27) becomes 

B^(R) = T(f^)W(f^,R)(q + k)~^(r ^^-l)f ^ for q + k 0 (6.33a) 

or 


B^(R) = T(f^)W(f^,R)f^(ln r)/b 
and equation 5.28 becomes 

B.(0) = W(f.,R) (q + n + k)“^(r^^'^'^^^'^^-l)f . 

^ A(f.) ^ ^ 


for q + k = 0 (6.33b) 


for q + n + k 0 

(6.34a) 
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or 


T(f ) 

B (0) = ^ W(f ,R)f (In r)/b for q + n + k = 0 (6.34b) 

^ A(fj) J J 

In this case, the band loss In db can still be found from equation 

(6.29) 


6.1.3 Correcting to Standard Conditions 


So far, we have derived expressions for computing the band attenuation 
when the source spectrum is known thus allowing the received spectrum to 
be computed; and we have done the same for a known received spectrum which 
would allow one to correct back to the source. There is a third case 
frequently encountered. That is, the received spectrum is measured at 
some temperature (T) and relative humidity (RH) and we wish to know what 
spectrum would have been measured on a day with a standard temperature 
(Tref ) and relative humidity (RH^^^) . This can be done be combining 
equations (6.5) and (6.32), 


6 = -10 log^p[ W(f,R)T^(f)df/^/“ W(f,R)T^(f)10‘^^^^’®”^^^^°df] 

(6.35) 

+10 log^Q[^/“ W(f ,0)T^(f)10"^^'^ref’^ref^^^^°df/^/“ W(f ,0)T^(f )df ] 
where 

6 = number of db to be added to measured spectrum to obtain 
the spectrum one would have measured for the same band 
on a reference day 

a(T,RH) = pure tone absorption coefficient in db/m at temperature, 

T, and relative humidity, RH 

a(T^^j,RH^^^) = pure tone absorption coefficient in db/m at the reference 
temperature, and humidity, 

and all other terms have been defined. 

Equation 6.35 can be simplified by recognizing that 

W(f,0) = W(f,R)10'^®^’^’^^^'^^°, 


to give 
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(S = -10 log^Q[J“ W(f,R)T^(f)df/^/“ df 

(6.36) 

Equation (6.36) Is equivalent to first correcting the received spectrxim 
back to the source to get the source spectrum and then computing the loss 
the source spectrum would have encountered traveling back the same path on 
a standard day. Actually, for the computations reported here, the programs 
for evaluating equations (6.5) and (6.33) were merged rather than writing a 
new program to evaluate equation (6.36). 


6.2 Numerical Integration 

The results discussed in the following sections were computed using 
the numerical integrations of equations (6.5) and (6,32), represented by 
the values of the Bj'® given in equations (6.27) and (6.28), and (6.33) 
and (6.44) respectively. The programs used for the various calculations are 
included in Appendix B. In all cases, the programs are set up to generate 
tables for various spectrum (received or source) slopes, atmospheric 
conditions, and filter types. The function, a(f), is in all cases com- 
puted from equation (3.15). The only approximation made was to represent 
the source spectrum with a constant slope. With this assumption the 
accuracy of the numerical integration is limited only by the integration 
step size, b, (B in the programs). A typical value of b was 10 which 
gave results accurate to within ±,5 db. On a DEC System 1077 each loss 
coefficient required a computation time of about one second. 

6.3 Simplified Technique for Estimating Band Loss 

It is often useful to make a rapid assessment of whether, for the 
experiment of concern, the difference between the readily computed pure 
tone absorption coefficient and the more difficult to compute band loss 
coefficient is significant. A guide for such decisions can be found in 
the following graphs. In figure 6.2 the difference between band loss 
and pure tone absorption coefficients as a function of frequency is shown 
for various propagation distances assuming a perfect one-third octave 
band filter and a flat 1/3 octave band received spectrum, (S^* = 0). 


57 


BAND LOSS -PURE TONE LOSS (db) 
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Long distances Short distances 


Figure 6.2 Difference Between Band and Pure Tone Loss Coefficients in db as a Function of Propagation 
Distance, R, for a Range of Atmospheric Conditions (0-100% RH, 263-313®K) and Frequencies. 
A Flat 1/3 Octave Band Received Spectrum and a Perfect Filter Were Assvuned, 




The hatched areas represent upper and lower bounds corresponding to dif- 
ferent atmospheric conditions. 

The effect of the source slope Is shown In figure 6.3 for a propagation 
distance of 20 meters and the same range of atmospheric conditions (0-100% 
RH, 263-313“K). It can be seen that the shape of the received spectrum 
slope does not radically change the frequency at which the band loss 
correction becomes significant but does change the magnitude (and sign) of 
the correction. A similar family of curves would be applicable to different 
propagation distances. 

Figure 6.4 Illustrates the differences one might expect when using different 
types of filters. 
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Figure 6.3 Difference Between Band and Pure Tone Loss Coefficients 

In db for Several Received Spectrum Slopes and Atmospheric 
Conditions. A Propagation Distance of 20 meters and a 
Perfect Filter Were Assumed. 
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Again, It can be seen that the band loss correction factor still becomes 
Important at about the same frequency, however, it should be noted that 
for the ANSI Class III One Third Octave Band Filter, the correction is 
much more dependent on the slope of the received spectrum. 

If figures 6.2 through 6.4 illustrate that for a large range of 
conditions the band correction is large enough to be of interest, one 
of the techniques described in the following sections may be used to 
compute the band loss coefficient. 



FREQUENCY (Hz) 


Figure 6.4 Difference Between Band and Pure Tone Loss Coefficients 

for Different Types of Filters and a Range of Atmospheric 
Conditions and Frequencies. A Propagation Distance of 
20 meters and a Flat Received Spectrum Have Been Assumed. 
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6.4 Use of Tables to Determine Band Loss 


The numerical integration described in section 6.2 is the most 
accurate way to determine the atmospheric absorption for a band of 
noise. When it is not feasible to resort to numerical integration, one 
of two techniques can be employed; use of tables or use of correction 
graphs. The band loss will be a function of relative humidity, tempera- 
ture and frequency since the pure tone absorption coefficient depends on 
these parameters. In addition, the band loss will vary non-llnearly with 
propagation distance since the slope of the air attenuation curve, S^, 
varies with distance, and the band loss will depend on other parameters; 
slope of the input spectrum, slope of filter response, and bandwidth of 
the filter. In all, the band loss is a function of seven variables, 
therefore, a set of tables to span all possible ranges of the various 
variables is not practical. 

Even though a complete set of tables is not practical, it is not 
difficult to devise a set which will allow one to cover the range of 
variables most frequently encountered in the field. A reasonable set of 
variables for high frequency noise propagation would be 
Temperature = 261 to 311®K in 10°K intervals 
Relative Humidity = 0, 50, and 100% 

Sg = 0,±2, ±4 db/band = slope of source spectrum 

Sg ' = 0, ±2, —4, —6 db/band = slope of received spectrum 

Frequency = 4 kHz to 100 kHz in 1/3 octave bands 

Propagation Distance = 5, 10, 20, 50, 100, 200, 400, 720 meters. 

In order to increase the accuracy of Interpolating between tables only 
A, a correction factor to be added to the total absorption for a pure tone 
at band center, is given. One can then obtain the band loss from the equation 

AL^ = aR + A db (6.37) 

where 

a is the pure tone absorption coefficient at the center frequency 
of the band (see Section 3) in db/m, 

R is the propagation distance in meters, 
and, A is the correction from the tables in db. 

Programs to generate such tables for a Perfect 1/3 Octave Band Filter and 
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an ANSI Class III 1/3 Octave Band Filter, defined in equation .6.21, are 
included in Appendix B. The program gives the pure tone absorption coef- 
ficient, a, in db per meter, and values of the correction factor. A, for 
distances mentioned above. Using a set of tables with the grid as above, 

one should be able to determine A to one significant figure and AL to 

15 

two significant figures. Tables can also be generated which will give 
correction factors for a standard day. A program to generate tables of 
this type is Included in Appendix B with abbreviated tables again given 
in Appendix C. 

For application where a different type of filter is to be used, it 
is recommended that the programs be modified accordingly and a new set 
of tables be generated. 


6.. 5 Use of Graphs to Determine Band Loss 


6.5,1 Known Source Spectrum 


When only an estimate of A is required or when one is only interested 
in determining how A varies with the several parameters of concern, graphs 
of A can be useful. It is most convenient to prepare such graphs with S 


and S as variables where we will use 
B 

= input spectrum roll off in db/band 
i5 


(positive means the 


level increases with increasing frequency) = 


S. = slope of air attenuation curve 


[a(f^^^) - a(f^_^)]R/2 


where 


= band level of the next higher frequency band 
= band level of the next lower frequency band 
a(f^^j^) = pure tone absorption coefficient at the center frequency 
of the next higher band in db/m 

a(f^_j^) = pure tone absorption coefficient at the center frequency of 
the next lower band in db/m 
and R = propagation distance in meters. 
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In order to find A from one of the following graphs, determine S from 
the known source spectrum (or S ’ from the recorded spectrum) , compute 
as described above and then using these as the ordinate and abscissa, 
locate the point (Sg, S^) on the correction graphs. Next determine which 
constant A curve this point Is closest to. This value of A can then be 
used to compute the band loss from equation 6.37. Interpolation between 
constant A curves Is possible subject to the limitations discussed belov/. 

Graphs as a correction tool are limited by the determination of S^. 
For example, for two different distances say and R 2 , the slope of the 
attenuation curve over the band at 4 kHz times R^ might equal the slope 
of the attenuation curve over the band at 40 kHz times R 2 » yet A could be 
quite different due to the way In which varies within the band. In 
order to examine this effect In detail, a series of correction curves 
has been developed spanning the range of variables described in the 
section on tables. 

Figure 6.5 was prepared using correction factors computed at 50 m 
(293°K, 0%RH), 100 m (293“K, 0%RH) , and 200 m (293“K, 0%RH) . Each calcu- 
lation at a given distance gives a value of A for a particular (S_, S.) 
combination. The three separate calculations gave A within i.2db of each 
other. In figure 6.6 the values of A were computed at distances of 50 m 
to 400 m at 293°K and 100% relative humidity. A comparison of the two 
graphs Indicates that for a given (S., S ) combination, A does not differ 
more than 1 db over the total propagation path for the conditions consi- 
dered here. An error of 1 db was only noted for extreme values of S 

A 

(=20 db/ 1/3 octave). For values of more common for say a 20 meter 
propagation path (=5 db/1/3 octave) the correction factor A does not 
vary by more than 0.2 db. One should be careful when applying these 
results for propagation distances greater than 1000 m. But the small 
variation in A noted for the large change in relative humidity Indicates 
that use of these curves over the temperature range covered by the grid 
of the previous section should provide A within 0.5 db of the correct 
value. 
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Figure 6.5 Curves of Constant Band Correction Factor (A in db) in 

Terms of the Slope of the Source Spectrum and Atmospheric 
Attenuation Curve for an ANSI Class III 1/3 Octave Band 
Filter at 293”K and 0% Relative Humidity. 
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Figure 6.6 Curves of Constant Band Correction Factor (A in db) in 

Terms of the Slope of the Source Spectrum and Atmospheric 
Attenuation Curve for an ANSI Class III 1/3 Octave Band 
Filter at 293®K and 100% Relative Humidity. 



It should be noted that for < -4 db/bandwidth and S, >20 db/band- 

B A 

width, the sum in equation (6.29) in many cases does not converge. For 
large negative values of and large values of S,, the energy entering the 
filter Increases more rapidly with decreasing frequency than the filter trans- 
mississlon decreases. Meaningful results can only be obtained by using nar- 
rower band analysis. We can write the condition for convergence mathematically 
as 

where S is the roll off of the filter near the band edge per bandwidth, 
r 

In figure 6.7 a correction curve for a perfect 1/3 octave band filter 
is given. The same errors in A are encountered but, since the A's 



Figure 6.7 Curves of Constant Correction Factor (A in db) for a 

Perfect One Third Octave Band Filter in Terms of Source 

Spectrum Slope (S ). 

B 


are always smaller for the perfect filter than for the real filter, the 
error in computing AL^ using the correction chart is less than 10% for the 
conditions considered here. There is no problem of convergence with the 
perfect filter since S^ = “ 


00 
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6.5.2 Known Received Spectrum 

If a received spectrum is to be corrected for absorption by the 
atmosphere, figures 6.8 and 6.9 can be used for ANSI Class III and 
perfect 1/3 octave band filters respectively. The source spectriam can 
be found from the received spectrum using the equation 

Source Band Level = Received Band Level + (a(f)*R + A) db 

where 

a(f) is the pure tone absorption coefficient /meter at the center 
frequency of the band 
R is the propagation distance in meters 
and A is the correction factor in db from figure 6.8 or 6.9. 

It should be noted that the source spectrum found in this way is the 
spectrum that would be measured using the same filter if atmospheric 
absorption was absent. 



Figure 6.8 Curves of Constant Correction (A in db) for an 

ANSI Class III One Third Octave Band Filter in Terms 
of the Received Spectrum Slope, S^' 
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Figure 6.10 Example Source and Received Spectrum Levels. 
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a microphone is placed 20 meters from the source, the temperature is 
293°K, the relative humidity is 50% and the received signal is passed 
through an ANSI Class III 1/3 Octave Baind Filter with transmission 
characteristics described by equation (6.21). First we will calculate 
the received spectrum. The appropriate values of S„, read from figure 
6.10, the pure tone attenuation coefficient for band center frequency, and 
the S. computed from the pure tone absorption are summarized in table 6.1. 

rx 


Center 

frequency 

Source 
Band Level 

(db/ (1/3) octave) 

Pure Tone 
Attenuation 
Coef. (db) 
aR 

^A 

(db/(l/3) octave) 

6 

(db) 

*^4 

(db) 

Received Band 
Level (db) 


40 


.564 






37 

-3 

.832 

.35 

-.0 

.8 

36.2 


34 

-3 

1.26 

.56 

-.1 

1.2 

32.8 


31 

-3 

1.96 

.85 

-.12 

1.8 

29.2 

10 

28 

-3 

2.96 

1.24 

-.18 

2.8 

25.2 

12.5 

25 

-3 

4,44 

1.96 

-.28 

4.2 

20.8 

16 

22 

-3 

6.88 

2.79 

-.4 

6.5 

15.5 

20 

19 

-3 

10.01 

3.65 

-.55 

9.5 

9.5 

25 

16 

+.5 

14.18 

4.84 

-.4 

13.8 

2.2 

31.5 

20 

+4 

19.68 

6.19 

-.1 

19.6 

.4 

40 

24 

+4 

26.55 

7.16 

-.2 

26.4 

-2.4 

50 

28 

+4 

34.00 

8.20 

-.4 

33.6 

-5.6 

63 

32 

+4 

42.94 

10.15 

-.7 

42.2 

-10.2 

80 

36 

+4 

54.30 

12.70 

-1.2 

53.1 

-17.1 

100 

40 


68.33 






Table 6.1 Band Loss Coefficient Example Calculation for Source 
to Receiver Path. 
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The values of A were taken from figure 6.6 since an ANSI Class III 
1/3 Octave Band Filter was assumed and the source spectrum slope is known. 
The band levels one would measure are given as the Corrected Band Level 
column of table 6.1 where the corrected band level equals the initial 
band level minus AL^. 

In order to check internal consistency and demonstrate further use 
of the tables, let us now assume we have measured the corrected band level 
given in the final column of table 6.1 and shown as the received spectrum 
in figure 6.10. Further assume that we wish Lo correct the spectrum back to 
the source using the same atmospheric conditions and filter characteristics. 
Actually, we could assume any conditions, i.e., a standard day, but such 
an assumption would not allow us to check internal consistency. The 
received band levels along with the slope of the received spectrum are 
given in table 6.2 along with the values of and pure tone absorption 
used previously. Values of A, the correction factor, are now taken from 
figure 6.8 since the slope of the received spectrum is known. The final 
column in table 6.2 gives the source level predicted using this pro- 
cedure. Note that in each case, the reconstructed level equals the level 
we started with. Hence, the procedure is internally consistent. In some 
cases, error could be introduced by reading the graph twice. 


Cencer 

Frequency 

(kHz) 

Received Band 
Level (db) 

(db/(l/3) octave) 

Pure Tone 
Acienueclon 
Coef. (db) 
aR 

(db/(l/3) octave) 

t 

(db) 

ALj 

(db) 

Source 
Band Level 
(db) 

5 

36.2 


.832 





6.3 

32.8 

-3.5 

1.26 

.56 

-.2 

1.06 

34 

8 

29.2 

-3.8 

1.96 

.85 

-.2 

1.8 

31 

10 

25.2 

-4.2 

2.96 

1.24 

-.3 

2.7 

28 

12.5 

20.8 

-4.8 

4.44 

1.96 

-.4 

4.0 

25 

16 

15.5 

-5.6 

6.88 

2.79 

-.7 

6.2 

22 

20 

9.5 

-6.6 

10.01 

3.65 

-.8 

9.2 

19 

25 

2.2 

-4,6 

14.18 

4.84 

-.6 

13.6 

16 

31.5 

.4 

-2.3 

19.68 

6.19 

-.2 

19.6 

20 

40 

-2.4 

-3.0 

26.55 

7.16 

-.3 

26.3 

24 

50 

-5.6 

-3.9 

34.00 

8.20 

-.5 

33.5 

26 

63 

-10.2 

-5.8 

42.94 

10.15 

-.8 

42.1 

32 

80 

-17.1 


54.30 






Table 6.2 Band Loss Coefficient Example Calculation for Receiver 
To Source Path 
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7 PREDICTION PROCEDURE 


7.1 Recommended Prediction Procedure 

Although the equation for the relaxation frequency of oxygen, equation 
3.11, varies from values deduced from this work at high humidity values, 
the prediction procedure described in Section 3.3 for pure tones agrees 
well with experimental results over a wide range of temperatures and 
humidities. Since this prediction procedure does agree well with exper- 
iment, and since it differs from the predictions of ARP-866A by as much 
as a factor of two, we conclude that the prediction procedure for pure 
tones described in Section 3.3, more specifically equations 3.15 to 3.19, 
provide the best method of calculating pure tone absorption coefficients 
available at this time. Further, since the proposed ANSI Sl-57 standard 
for sound absorption in still air when released will reflect an improve- 
ment on the procedure of Section 3.3 as a result of this work, it will 
at that time provide a highly accurate prediction procedure. Until such 
time as that document is available, for pure tone calculations, we recom- 
mend the use of equations 3.15 through 3.19. 

It is more difficult to make specific recommendations concerning 
band loss coefficients due to the large variation in accuracy and complex- 
ity Involved vjith the various procedures outlined in Chapter 6. The 
first step in any application should be to consult Section 6.3 to determine 
if the difference between the pure tone absorption coefficient and the 
band loss coefficient (A) is significant for the particular application 

of concern. If not, the equations for pure tone absorption in Section 3.2 
(eq. 3.15 to 3.19) can be used with the frequency equal to the center 
frequency of the band under consideration. If the correction (A) is found to 
be significant, one must choose the graphical correction procedure, prepar- 
ation of tables, or direct numerical integration. If only a few data points 
are to be corrected for atmospheric losses, the graphical procedure is 
preferred (figure 6.6 or 6.7 if the source spectrum shape is known, figure 
6.8 or 6.9 if the received spectrum shape is known). If the data are to be 
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corrected by hand and the conditions at which the data are taken are 
standard, a set of tables should be generated using one of the programs 
in Appendix B, modified to reflect the propagation distances encountered 
in the particular experiment of concern and atmospheric conditions most 
common. If the data is to be corrected in a computer, direct numerical 
integration using programs in Appendix B and the exact experimental 
conditions will provide the most accurate results. 

Correcting data to standard conditions is a more difficult task to 
perform manually since two steps are required. When only one spectrum is 
to be corrected, the received spectrum can be corrected back to the 
source using the graphical technique of Section 6.4.1 and then corrected 
back to the receiver assuming reference conditions when computing the 
pure tone absorption coefficient (a) using the results of Section 6.4.2. 
Again, when the experimental conditions are standard, tables can be 
generated using the programs in Appendix B designed for this purpose. 

Or, if computer manipulation of the data is standard, the program can 
be used to correct individual data points to standard conditions. 

Correcting for atmospheric conditions when the atmosphere along the 
source to the receiver path is not uniform presents special problems not 
addressed here. In addition to the fact that the pure tone absorption 
coefficient, a, is not constant along the path, one must also consider 
refraction of the sound and turbulance. When the latter two effects are 
small, the absorption of a pure tone along the path is a simple integral. 
For bands of noise, when the graphs in Section 6.3 indicate the band 
correction is not insignificant, the resultant integral becomes more 
complex and will require additional study. 
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7.2 Comparison with ARP-866A 


A definitive comparison of ARP-866A predicted absorption values with 
those of this work is complicated by the different ways in which the results 
are presented. The absorption predicted by ARP-866A is said to be applicable 
to bands of noise, yet: 

(1) the absorption along a path is found by multiplying the absorp- 
tion/unit length by the total propagation distance, a procedure known 

to be analytically Inexact 

(2) the absorption is Independent of the spectrum shape in contrast 
to the strong dependence known to exist and demonstrated for some cases 

(3) the predicted absorption does not depend on filter shape 
(only on whether the filter is a 1/3 octave band or a full octave band 
filter) . 

In order to compare the two prediction procedures, therefore, it 
is necessary to choose some common point for comparison. We arbi- 
trarily xhose the propagation distance to be 10 meters, the received 
spectnom roll off to be 0 db/ 1/3 octave, and the filter to be an ANSI 
Class III One Third Octave Band Filter. In figures 6.11 and 6.12 the 
predictions of this study using the graphical correction procedure are 
compared to ARP-866A for four representative humidities and temperatures. 

It should be noted that the curve attributed to ARP-866A above 10 kHz is 
an extrapolation based on the procedure outlined in ARP-866A, but it is 
beyond the limits for which that document is applicable. 

There are several features of these figures which should be noted. 

First, for the cases considered, the difference between ARP-866A and the 
procedure recommended in this report in some cases differ by a factor as high 
as two. This difference is generally largest at high frequencies and is 
aggravated by the ARP-866A process of computing band loss by using the 
lowest frequency in the band. However, it is apparent that this is not 
the only problem with the predictions of ARP-866A as can be seen in fig- 
ure 6.11(b). 
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TOTAL ATMOSPHERIC ABSORPTION (db) FOR A lOm PATH 



(a) 260. 9“K (10“F) , 10% RH 



(b) 288. 7°K (60°F), 70% RH 


Figure 6.11 Comparison of the Prediction Band on This Study With Those 
of ARP-866A Assuming a Propagation Distance of 10 Meters, 
and an ANSI Class III One Third Octave Band Filter. Solid 
line represents the predictions based on the work presented 
here; the dashed line is the prediction of ARP-866A. The part 
of the curve below x 10 has been displaced upward one decade. 


A complete comparison would require consideration of different 
spectrum shapes, propagation distances, filter shapes, etc., but con- 
sidering the rather crude computational technique employed in ARP-866A 
and the poor agreement with these new results, extensive comparison 
with ARP-866A did not seem worth while within this program. Information 
available from this report could be used for conq>arlson purposes with 
ARP“866A outputs on the basis of pure tone attenuation. 
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TOTAL ATMOSPHERIC ABSORPTION (db) FOR A lOm PATH 



(a) 294. 3“K (70"F), 70% RH 



(b) 310. 9°K (100°F), 80% RH 


Figure 6.12 Comparison of the Prediction Band on This Study With Those 
of ARP-866A Assuming a Propagation Distance of 10 Meters 
and an ANSI Class III One Third Octave Band Filter. Solid 
line represents the predictions based on the work presented 
here; the dashed line is the prediction of ARP-866A 
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8 CONCLUDING REMARKS 


The experimental work reported here along with prior work at lower 
frequencies provide overwhelming evidence in support of the prediction 
technique proposed by Sutherland, Piercy, Bass, Marsh, and Evans for 
absorption of sound in still air, at least so far as pure tone absorption 
is concerned. At frequencies well above the relaxation frequency of 
nitrogen the proposed technique should provide reliable results at 
frequencies up to 1 MHz at higher and lower temperatures. Additional 
work on the equation for the oxygen vibrational relaxation frequency 
at high humidities is needed but this small modification will only 
slightly Improve the excellent agreement between predicted and measured 
pure tone absorption. 

Attenuation of bands of noise is more complex. However, for many 
cases of interest, the difference between band attenuation and the pure 
tone absorption coefficient at the center of the band is insignificant. 
Experimentally, the effect of a finite band width can be reduced by using 
narrow band analysis, a procedure which is now feasible using digital filters. 
Extrapolation of ARP-866A to frequencies above its stated limit (10 kHz) 
can provide only qualitative results. A more precise determination of 
the band loss requires a knowledge of filter characteristics, spectrum 
shape and propagation distances. 

Based on prior work at different atmospheric conditions and lower 
frequencies, the physical mechanisms for sound absorption are well understood. 
The work presented here is the first comprehensive experimental documentation 
of these mechanisms in the frequency range 4 kHz to 100 kHz and the only 
quantitative verification of calculations of sound absorption in this 
frequency range. Based on the quantity and quality of the data presented 
here and the agreement with theoretical predictions, we conclude that the 
absorption of sound in the frequency range 4 kHz to 100 kHz, temperature 
range 255. 4®K (0“F) to 310.9‘’K (100“F) , and any value of relative humidity 
is sufficiently understood and documented. 
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APPENDIX A EXPERIMENTAL AND CALCULATED ABSORPTION 

A.l Figures and Tables for Pure Tone Absorption 

The following figures present the experimental results of this 
study after correcting for tube losses. The experimental values of free 
field absorption are given by solid points on the graphs. Theoretical 
predictions based on the theory of Section 3.2 are given by the solid line. 
At low humidities, the absorption values spanned four decades. In order 
to get all the data on a single graph with reasonable dimensions. It was 
necessary to shift the points and line upward one decade at frequencies 
below 10 kHz. In these cases the shifted line Is labeled xlO Indicating 
the absorption values shown have been multiplied by 10. 
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absorption or sound in air 

TMPBRATIIRC N2SS.4 K RELATIVE HUNIDIt. 0.0 % 
PMaUEKY MEASURED AB8 PREDICTED 


(RHE) 

(DB/M) 

(DB/M) 

loe.e 

2.00SJ 

1.4927 

fStO 

1.S240 

1.3477 

so.o 

1.3195 

1.2092 

SB.O 

1.2107 

1.0787 

SO.O 

1.0311 

0.9556 

T».0 

0.9550 

0.8399 

71.0 

0.0194 

0.7528 

ST.O 

0.6449 

0.4704 

ST.O 

0.6505 

0.5928 

SO.O 

0.5011 

0.5200 

SO.O 

0.4770 

0.4685 

IS.O 

0.4662 

0.4197 


0.3909 

0.3736 

^.0 

0.3633 

0.3444 

«s.o 

0.3366 

0.3028 

49.0 

0.1072 

0.2638 


0.2472 

0.2393 


0.2647 

0.2104 

0.2117 

0.1876 


0.2157 

0.1671 

n't* 

0.1447 

0.1487 

jp«7 

0.1531 

0.1322 

0 

0.1122 

0.1176 


0.1223 

0.1054 


0.0000 

0.0939 

0,1037 

0.C866 

Spii 

0,0679 

0.0728 

.-Cp'^A 

0,0702 

0.0664 

'9i9 

0.0577 

0.C6C3 


0.0575 

0.0545 

Wi-O 

0.0490 

0.0490 


0.0463 

0.0437 

Sit.o 

0.0417 

0.0388 

VB.O 

0.0351 

0.0342 

*♦.0 

0.0241 

0. 0799 

10.0 

o.onl 

6.0155 

1.0 

o.oiol 

0.0102 

s.o 

0.00 1:1 

0, CjC43 

4.0 

0,0045 

0.0030 
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ABSORPTION COEFFICIENT (db/m) 


APSOKPTIUN OF SOUND IN AIR 
TFMPEBAXUKF S255.4 K RELATIVE HUMIPITI b 8,3 » 


PREOUENCY 

MEASURED ABS 

PREDICTED 

(KHZ) 

CDR/H) 

COB/M) 

100,0 

2.2819 

1 .4948 

9S,0 

1.6049 

1.3493 

90,0 

1.4575 - 

1.2113 

85,0 

1.2870 

1 ,oec7 

80. 0 

1.1757 

0,9576 

75.0 

1.0304 

0. 8420 

71.0 

0.9752 

0.7549 

67.0 

0.8520 

0.6725 

63.0 

0.8210 

0. 5949 

59.0 

0.6976 

0.5221 

56,0 

0,5943 

0,4706 

53.0 

0.5186 

0.4218 

50,0 

0,4718 

0.3757 

A8.0 

0.4069 

0.3465 

45.0 

0.3897 

0. 3C48 

42.0 

0.3/14 

0.2659 

40,0 

0.3473 

0 .2414 

37.5 

0,2704 

0. 2125 

35.4 

0.2456 

0.1897 

33.4 

0.2007 

0.1691 

31.5 

0,1520 

0. 15C7 

29.7 

0. 1.728 

0.1343 

28.0 

0.1404 

0.1107 

26,5 

0.1 135 

0. 1C75 

25.0 

0.094 1 

0.0959 

?4.0 

0.0833 

■0 .08 86 

22,0 

0.0822 

0. C749 

21.0 

0.0776 

0,0685 

20.0 

0 . 0 7 I 0 

0 ,06'’4 

19.0 

0.0449 

0. 0565 

18.0 

O.O520 

0.0510 

17.0 

0.0497 

0.0450 

I 6.0 

0.0415 

6. 0409 

15.0 

0.0 391 

0 .0363 

H.o 

0.0337 

3 .0 31') 

13.2 

0.0 374 

0. c:r7 

12.5 

0.0319 

3.0260 

1 1 .» 

0 . 0 2 3 0 

; .0235 

11.2 

0.0215 

02 14 

10.6 

0.0217 

0.0195 

1".« 

0.0223 

0 6 1 

7.5 

0. Cl 1 37 

'.016? 

u.o 

0.0159 

1.0148 

8 . 5 

0 , 0 1 6i;i 

).-n35 

8.0 

0.0121 

'-122 

7.5 

11,01 29 

3.3111 

7, 1 

0 . n 1 1 X 

C .0102 

6.7 

0 . 0 1 fc 6 

0C94 

6.3 

O .01186 

0.0086 

5.9 

0.0066 

0.0079 

5.6 

0 , Oc,l66 

0. CC74 

5. 3 

0,0077 

0.006'- 

'I, 5 

Ii,0il43 

1) . I1U5 7 

4.0 

0,0068 

0.0U51 



ABSORPTION COEFFICIENT (db/m) 




TEMPERATURE 

ABSORPTION OF SOUND 
■255.4 K RELATIVE 

IN AIR 

HUMIDITI ■ 20.2 < 

PREQUENCT 

MEASURED AB8 

PREDICTED 

(KHE) 

(OB/H) 

(DB/Ml 

lOO.O 

1.6180 

1.491(9 

98,0 

1.3744 

1.3535 

90,0 

1.2329 

1.2154 

88.0 

1.0529 

1.0849 

80.0 

0.9385 

0.9618 

78,0 

0.816i 

0. 8461 

71,0 

0.7717 

0.7590 

67.0 

0.6600 

0.6766 

63.0 

0.6233 

0.5990 

89,0 

0.5237 

0. 5262 

86,0 

0,4493 

0.4748 

83,0 

0.4121 

0.4260 

80,0 

0.3647 

0.3799 

*1.0 

0.3186 

0.3506 

48,0 

0.3211 

0.3090 

42,0 

0.3121 

0.27CC 

40.0 

0.2841 

0.2456 

37.8 

0.2762 

0.2167 

38.4 

0,2418 

0.1938 

33.4 

0.1937 

0.1733 

31. 8 

0.1587 

0.1549 

29.7 

0.1592 

0.1364 

28,0 

0,1371 

0.1236 

26,8 

0,1147 

0.1116 

28,0 

0,0980 

0. 1001 

24,0 

0.0836 

0.0928 

22.0 

0,0792 

0.0790 

21.0 

0.0750 

0.0726 

20.0 

0,0710 

0.0665 

19,0 

0,0605 

0.0607 

18.0 

0,0623 

0. 0552 

17,0 

0,0840 

0.0500 

16,0 

0.0467 

0.0450 

18,0 

0,0407 

0.0404 

14.0 

0,0353 

0.0361 

13.2 

0.0412 

0.0328 

12.8 

0,0334 

0,0301 

11.8 

0,0271 

0,0275 

11.2 

0.0248 

0.0255 

10.6 

0,0242 

0,0235 

10.0 

0.0256 

0.0217 

9,8 

0.0152 

0,0203 

9.0 

0,0178 

0,0189 

8,8 

0.0195 

0.0176 

8.0 

0,0182 

0.0163 

7.8 

0,0162 

0,0152 

7.1 

0.0164 

0,0143 

6.7 

0,0143 

0,0135 

6.3 

0.0119 

0,0127 

5.9 

0.0102 

0,0120 

5.6 

0.0113 

0.0115 

5.3 

0,0104 

O.OliO 

5,0 

0,0101 

0.0105 

4.8 

0.0148 

0,0102 

4.5 

0.0064 

0,0098 

4.2 

0.0073 

0.0094 

4.0 

0.0092 

0,0092 



ABSORPTION COEFFICIENT (db/m) 



TEMPERATURE 

absorpttun ok sound 
a255.4 K RELATIVE 

IN AIR 

HUMIDITY s 29.0 

FREQUENCY 

MEASURED ABS 

PREDICTED 

(KHZ) 

(DB/M) 

(DB/M) 

100.0 

1.6636 

1.5C2P 

95.0 

1.4162 

1.3573 

90.0 

1,2792 

1.2153 

15.0 

1,0975 

1.0667 

50.0 

0.9931 

0.9656 

75.0 

0,5623 

0. 5500 

71.0 

0,5120 

0. 7629 

67.0 

0,7235 

0.6805 

63.0 

0.6755 

0.6029 

59.0 

0.5615 

0.5301 

56.0 

0.4560 

0.4766 

53.0 

0,4503 

0.4298 

50.0 

0.4202 

0.3837 

41.0 

0.3642 

0.3545 

45.0 

0,3434 

0.3128 

42.0 

0.3290 

0.2739 

40.0 

0,3031 

0.2494 

17,5 

0.2965 

0.2205 

35.4 

0,2452 

0. 1977 

33.4 

0.2029 

0.1771 

31.5 

0,1645 

0.1587 

29.7 

0,1743 

0. 1423 

21.0 

0.1460 

0.1277 

16.5 

0,1096 

0.1155 

15.0 

0.1042 

0.1039 

24.0 

0.1016 

0.0966 

22.0 

0.0550 

O.OB29 

21.0 

0,0760 

0.0765 

20.0 

0,0730 

0.0704 

19.0 

0,0659 

0.0645 

19.0 

0,0551 

0.0590 

17.0 

0.0550 

0.0538 

16.0 

0.0506 

0.0459 

IS.O 

0.0416 

0.0443 

14.0 

0.0420 

0.0399 

13.2 

0,0444 

0.0367 

12.5 

0.0356 

0. 0340 

11.1 

0,0309 

0.0314 

11. a 

0.0254 

0.0294 

10.6 

0,0272 

0.0274 

10.0 

0.0274 

0.0256 

9.5 

0.0226 

0.0241 

9,0 

0.0231 

0.0227 

5.5 

0.0242 

0.0214 

5.0 

0.0230 

0.0202 

7.5 

0.0202 

0.0190 

7.1 

0.0223 

0,0182 

6.7 

0.0191 

0.0173 

6.3 

0.0166 

0.0166 

5.9 

0.0151 

0.0158 

9-. 6 

0.0156 

0.0153 

5.3 

0.0169 

0.0148 

9.0 

0,0131 

0.0143 

4.5 

0.0168 

0.0136 

4.2 

0,0166 

0.0132 

4.0 

0.0151 

0.0130 



i.o 10. 100. 

FREQUENCY (kHz) 


ABSORPTION COEFFICIENT (db/m) 


tCHPBRAtURE 

ABSORPTION OF SOUND 
■299.4 K RELATIVE 

IN AIR 

HUHIDITI ■ 40.4 1 

rMQUENCY 

HEA8URED AB8 

PREDICTED 

(KHZ) 

(DB/H) 

(DB/H) 

IOO 1 .O 

1.6936 

1.5087 

9B.0 

1.4911 

1.3632 

90.0 

1.3109 

1.2252 

•s.o 

1.1332 

1.0946 

•0.0 

1.0304 

0.9715 

7S.0 

0.8974 

0.8559 

71.0 

0.8449 

0,7687 

•7.0 

0,7378 

0.6864 

•1.0 

0.6931 

0.6088 

•9.0 

0.9747 

0.5360 

■•.0 

0,4949 

0.4845 

•1.0 

0,4634 

0,4357 

•0/0 

4IV0 

0.4240 

0.3896 

0.3714 

0.3604 

••,0 

0.3493 

0.3187 

43.0 

0.3346 

0.2798 

40.0 

0.3131 

0.2553 

17.8 

0.2727 

0.2264 

19.4 

0.2411 

0.2036 

11.4 

0.2093 

0.1830 

ll.S 

0.1965 

0.1646 

39.7 

0.1790 

0.1482 

31.0 

0.1905 

0.1336 

34. S 

0,1199 

0.1214 

39.0 

0.1091 

0. 1098 

34.0 

0.1074 

0.1025 

33.0 

0.0997 

0.0888 

31.0 

0.0899 

0.0824 

30.0 

0.0849 

0.0762 

19.0 

0.0637 

0.0704 

10.0 

0.0443 

0.0649 

17.0 

0,0964 

0.0597 

16.0 

0.0529 

0.0547 

IS.O 

0.0464 

0.05C1 

14.0 

0.0434 

0,0458 

11.3 

6,0474 

0.0425 

13. S 

0,0436 

0.0398 

11.0 

0,0332 

0.0373 

11.3 

0,0330 

0.0352 

10.6 

6.0347 

0.0333 

10.0 

0.0326 

0.0314 

9.9 

0.0299 

0.0300 

9.0 

0.0260 

0.0286 

• .9 

0.0268 

0.0273 

0.0 

0.0245 

0.0260 

7.9 

0.0240 

0.0248 

7.1 

0,0242 

9.0240 

4.7 

0.0218 

0.0231 

«.l 

0.0210 

0.0223 

9.9 

0,0194 

0.0216 

9.4 

0.0194 

0.0210 

9.3 

0.0204 

0.0205 



ABSORPTION COEFFICIENT (db/m) 




TEMPPHATIIHE 

AHSDKPTTLin of SOL/fiD 
=255.4 K HELATIVE 

IN AIR 

HUHIDIII * 50.0 

FREOIIENCY 

measured ABS 

PREDICTED 

(KHZ) 

(DB/M) 

(DB/M) 

lOO.O 

1.7J54 

1. 51'.4 

95.0 

1.4702 

1.3tR9 

90.0 

1.3219 

1 .2306 

es.o 

1,1455 

1 . 10C3 

80.0 

1,0471 

0. 9772 

75.0 

0,9145 

0.8616 

71.0 

0.9596 

0.7744 

67.0 

0.7529 

0. 6921 

63.0 

0,7250 

0.6145 

59.0 

0.6113 

0. 5416 

56.0 

0.5276 

0. 49C2 

53.0 

0,4982 

0.4414 

50.0 

0.4548 

0. 3953 

48.0 

0.4005 

0.3660 

45.0 

0.3905 

0.3244 

42.0 

0,3717 

0.2854 

40,0 

0,3471 

0.2610 

37.5 

0.2880 

0.2321 

35.4 

0,2547 

0.2C92 

33.4 

0.2052 

0.1887 

31.5 

0.1772 

0.1703 

29.7 

0,1783 

0.1538 

29.0 

0,1537 

0. 1392 

26.5 

0.1202 

0.1270 

25.0 

0.1162 

0.1155 

24,0 

0,1167 

0. 1082 

22.0 

0.0977 

0.0944 

21.0 

0,0886 

0.0880 

20.0 

0.0625 

0.0819 

19,0 

0.0693 

0.0761 

18.0 

0.0675 

0.C7C5 

17.0 

0.0652 

0.0653 

16,0 

0,0605 

0.0604 

15.0 

0.0515 

0.0557 

14.0 

0,0598 

0.0514 

13.2 

0.0557 

0.0481 

12.5 

0.0467 

0.C454 

11.9 

0.0399 

0.0429 

11.2 

0.0383 

0.0408 

10.6 

0,0426 

0.0389 

10.0 

0.0382 

0.0370 

9,5 

0,0306 

0,0355 

9,0 

0,0354 

0.0341 

9.5 

0.0334 

0.0328 

8.0 

0.0322 

0.0315 

7.5 

0.0300 

0.0303 

7.1 

0.0284 

0,0294 

6.7 

0.0275 

0,0285 

6.3 

0.0250 

0.0277 

5.9 

0.0245 

0.0269 

5.6 

0.0232 

0.0264 

5.3 

0,0244 

0.0258 

5.0 

0.0229 

0,0253 

4.5 

0.0223 

0.0244 

4.2 

0.0223 

0.0239 

4.0 

0,0263 

0.0236 



ABSORPTION COEFFICIENT (db/m) 



TEMpERATURB 

ABSORPIIQN OF SOUND 
>255.4 K RELATIVE 

IN AIR 

HUMIDITY > 59.7 

frequency 

HEASURED ABS 

PREDICTED 

(KHZ) 

(DB/M) 

(DB/M) 

loo.o 

1.6364 

1.52CT 

95,0 

1.3911 

1.3752 

90.0 

1.2613 

1.2372 

85,0 

1.0854 

1 .1066 

80,0 

0.9857 

0.9835 

75.0 

0,8299 

0.8679 

71.0 

0,7704 

0.7807 

67,0 

0.6632 

0.5984 

63.0 

0,6631 

0.62C8 

59,0 

0,6048 

0.5480 

56,0 

0.5222 

0.4965 

53,0 

0,4915 

0.4477 

50.0 

0.4544 

0.4016 

48,0 

0.4003 

0.3723 

45,0 

0.3833 

0.33C7 

42.0 

0,3650 

0.2918 

40,0 

0.3431 

0.2673 

37,5 

0.3188 

0.2384 

35.4 

0.2652 

0.2155 

33.4 

0.2193 

0. 1950 

31,5 

0.1874 

0.1766 

29.7 

0.1882 

0.160? 

28.0 

0,1560 

0.1455 

26,5 

0.1324 

0.1333 

25.0 

0.1151 

0.1218 

24,0 

0,1161 

0.1145 

22.0 

0,0923 

0.1CC7 

21,0 

0,0984 

0.0943 

20.0 

. 0,0929 

0.0882 

19,0 

0,0719 

0.0823 

18.0 

0,0871 

0.0768 

17.0 

0,0789 

0. 0716 

16.0 

0,0663 

0.0666 

15.0 

0.0617 

0.0620 

14.0 

0,0624 

0.0576 

13,2 

0.0599 

0.0544 

12.5 

0,0504 

0.0516 

11.8 

0,0469 

0. C491 

11.2 

0,0450 

0.0470 

10.6 

0,0449 

0.0450 

10.0 

0.0444 

0,0431 

9.5 

0,0377 

0.0416 

9.0 

0.0379 

0.0402 

8.5 

0,0383 

0. 0388 

8.0 

0.0357 

O.C375 

7.5. 

0,0359 

0.0363 

7.1 

0,0363 

0.0354 

6.7 

0,0336 

0.0344 

6.3 

0,0311 

0.0336 

5.9 

0.0289 

0.0327 

5.6 

0.0289 

0.0321 

5.3 

0.0299 

0,0314 

5.0 

0.0281 

0.0308 

4.8 

0.0315 

0.0304 

4.5 

0,0307 

0,0298 

4.2 

0.0306 

0.n202 

4.n 

0.0280 

0,026 / 



ABSORPTION COEFFICIENT (db/m) 



TEMWF.KATUHE 

UPSOhPTtUM OF SOUND 
«255.4 K RELATIVE 

IN AIR 

HUMIDITY = 70.0 ! 

FHEOIIENCY 

MEASUPt.D ABS 

FREDICTEU 

(KHZ) 

fDB/M) 

CDP/MJ 

100,0 

1,7765 

1.5200 

95,0 

1,5405 

1.3E25 ' 

90,0 

1,3911 

1.2445 

R5,0 

1.2182 

1 . 1 1 29 

80,0 

1,1033 

0.9908 

75,0 

0,9b33 

0. 9757 

71,0 

0,9132 

0.7880 

67,0 

0,8007 

0.7057 

67,0 

0,7734 

0. 6281 

59,0 

0,6556 

0.5553 

56,0 

0,5624 

0.5039 

53,0 

0.5410 

0. 4550 

50,0 

0.4919 

0.4C89 

48,0 

0,4432 

0.3796 

45,0 

0,4229 

0.3380 

42,0 

0.3889 

0.2991 

40,0 

0,3751 

0.2746 

37,5 

0,3144 

0.2457 . 

35,4 

0,2634 

0.2229 

33,4 

0,2363 

0.2023 

31,5 

0,1887 

0.1839 

29,7 

0.1888 

0.1674 

28,0 

0,1813 

0.1528 

26,5 

0.1399 

0. 1406 

25,0 

0.1268 

0.1290 

24,0 

0.1205 

0.1217 

22,0 

0,1089 

0. 1080 

21,0 

0,1006 

0.1C15 

20,0 

0,1039 

0 .0954 

19,0 

0.0825 

0.0995 

18,0 

0,0860 

0.0840 

17,0 

0,0811 

0 .0788 

16,0 

0.0753 

0.0733. 

15,0 

0,0709 

0.0691 

14,0 

0,0699 

0.0647 

13,2 

0.0677 

0.0615 

12,5 

0.0588 

0.0587 

11,8 

0,0533 

0.0561 

11.2 

0.0518 

0. 0540 

10,6 

0.0496 

0.0520 

10.0 

0,0.489 

0.0501 

9.5 

0,0470 

0.0485 

9.0 

0,0483 

0.0471 

8,5 

0.0459 

0.0456 

8,0 

0,0467 

0. 0443 

7,5 

0.04i6 

0.0430 

7.1 

0.0429 

0.0419 

6,7 

0.0405 

0.0410 

6.3 

0.0380 

0,6400 

5.9 

0,0364 

0,0390 

5.6 

0,0372 

0,0383 

5.3 

0.0348 

0,0375 

5.0 

0,0349 

0,0368 

4.8 

0,0398 

0,0363 

4.5 

0.0308 

.0,0355 

4.2 

0,0270 

0,0346 

4.0 

0,0342 

0.0340 





ABSORPTION COEFFICIENT (db/m) 



ABSORPTION OP SOUND 

IN AIR 

rCHPERATURE 

■260.9 K RELATIVE 

HUMIDITY ■ 0.0 ! 

frequency 

MEASURED ABS 

PREDICTED 

(KHZ) 

(DB/M) 

(OB/M) 

lOO.O 

1,7581 

1.5089 

9S.0 

1.4832 

1.3619 

90.0 

1,3645 

1.2224 

85,0 

1.1946 

1.05C4 

80.0 

1,0959 

0.9660 

75.0 

0.9413 

0*8491 

71.0 

0.9034 

0.7610 

67.0 

0.7431 

0.6778 

63.0 

0.6955 

0,59 53 

59,0 

0,5608 

0.5257 

56.0 

0.5420 

0.4737 

53.0 

0,4705 

0*4244 

50.0 

0.4162 

0.3778 

48.0 

0,3836 

0.3482 

45.0 

0.3425 

0.3061 

42.0 

0.3118 

0.2668 

40.0 

0,2712 

0.2420 

37,5 

0.2271 

0.2128 

35,4 

0.1965 

0.1897 

33,4 

0.1799 

0.1690 

31,5 

0.1378 

0.1504 

29.7 

0.1320 

0.1337 

28.0 

0,1107 

0.1189 

26.5 

0,1083 

0. 1066 

25,0 

0,0887 

0.0950 

24.0 

0,0822 

0.0876 

22.0 

0.0708 

0.0737 

21.0 

0.0755 

0.C672 

20.0 

0.0534 

0.0610 

19.0 

0,0540 

0.0551 

18.0 

0.0455 

0.0496 

17.0 

0.0466 

0.0443 

16.0 

0,0376 

0.0393 

15.0 

0,0343 

0.0346 

14.0 

0.0332 

0.0303 

13.2 

0.0362 

0.0270 

12.5 

0,0195 

0.0243 

11.8 

0.0229 

0.0217 

11.2 

0.0202 

O.OI 96 

10.6 

0,0221 

0. 0176 

10,0 

0,0139 

0.0158 

9.5 

0.0167 

0.0143 

9.0 

0,0126 

O.C129 

8.5 

0.0123 

0.0116 

8.0 

0,0136 

0.0104 


8S 



FREQUENCY (kHz) 


ABSORPTION COEFFICIENT (db/m) 



TEMPFHAaiJHF: 

;>p,SnHPTTIJW nF srUliJO 
=260.9 K KFLATIVE 

IN AlP 

HUMiFUTl = 8,0 

fhehiiency 

MEA5UPED ABS 

PREnlOTEP 

(liHi.) 

(DH/B) 

(IjB/M) 

loo. (I 

1.773b 

1. 517R 

os.rt 

1,5109 

1.3653 

90.0 

1,3514 

1.2263 

85.0 

1,1885 

1. C943 

80.0 

1 .0579 

0. 9699 

75.0 

0,9481 

0.8530 

71,0 

0,8513 

0. 7649 

67.0 

0.7577 

o. 6817 

6l,0 

0,7026 

0.6033 

59,0 

0.621 J 

0. 52 97 

56,0 

0,5380 

0.4776 

5 3.0 

0,5116 

0.4283 

50.0 

0.4479 

3.3817 

48. 0 

0.3841 

0. 3521 

45,0 

0.3653 

0.31C1 

42.0 

0.3505 

0.27C7 

40,0 

0,2800 

0. 2460 

37.5 

0,2799 

0.2167 

35.4 

0.2248 

0. 1936 

33.4 

0,1982 

0. 1729 

31.5 

0,1724 

0.1543 

29,7 

0,1621 

0 . 1377 

28.0 

0.1323 

0. 1229 

26.5 

0,1163 

0.1105 

25,0 

0,0937 

0. C989 

24,0 

0,0950 

0.0915 

22.0 

0,0788 

0.0776 

21.0 

0.0715 

0.07II 

20.0 

0,0680 

0.0650 

19.0 

0,0660 

0.0591 

1 B.O 

0,0544 

0.0535 

17,0 

0,0611 

0.0482 

16.0 

0.0432 

0.0432 

15.0 

0.0333 

0.03 86 

14.0 

0,0349 

0.0342 

13.2 

0.0233 

0.0309 

12.5 

0,0352 

0,0282 

11,8 

0,0253 

0.0256 

11.2 

0.0246 

0.0236 

10.6 

0,0191 

0.0216 

10.0 

0.0216 

6.0197 

9.5 

0,0195 

0.0182 

9.0 

0,0152 

0,0168 

8,5 

0,0223 

0 j)155 

8.0 

0.0146 

0.6143 

7.5 

0.0128 

0,0131 

■ 7,1 

0.0129, 

0,0122 

6.7 

0,0106 

0,0114 

6,3 

0,0101 

0,0106 

5,9 

0.0095 

0,0099 

5.6 

0.0100 

0.0094 

5.3 

0,0091 

0.0089 

5.0 

0,0060 

0.0084 

4,5 

0,0069 

0,0077 

4.2 

0,0092 

0.0073 

4.0 

0.0065 

0.0070 




ABSORPTION COEFFICIENT (db/m) 



TEMPERUTURE 

apsoRhttuh of sound 
X260.9 K RELATIVE 

IN 41H 

HUMiniTY = 19.8 ' 

frequency 

HEASUREO ABS 

PREDlfiK.O 

(KHZ) 

(DB/M) 

(DB/H) 

100,0 

1.7394 

1 • 52 1-7 

95,0 

1.4887 

1.3747 

90,0 

1.3352 

1.2352 

8S.0 

1,1758 

1.1032 

80,0 

1.0385 

". 578? 

75,0 

0,9686 

0.9619 

71,0 

0.8559 

0.7738 

67,0 

0,7628 

3.65C5 

63,0 

n.6831 

0.6121 

59,0 

0.5888 

0.5385 

56,0 

0,5049 

0.4865 

53,0 

0.4775 

0.4372 

50,0 

0.4183 

0,3906 

48,0 

0.3606 

0.3610 

45,0 

0,3424 

0,3139 

4?,0 

0,3165 

0.2795 

40,0 

0,2577 

0.2548 

37,5 

0,2821 

0.2256 

35,4 

0.2387 

0.2025 

33,4 

0,1995 

0.1817 

31,5 

0.1750 

0.1631 

29,7 

0.1750 

0.1465 

28,0 

0.1368 

0.1317 

26,5 

0.1272 

0.1194 

25,0 

0.1055 

0.1078 

24,0 

0.1042 

0.1CC4 

22,0 

0.0851 

0.0865 

21.0 

0.0813 

0.0800 

20.0 

0,0746 

O.C738 

19,0 

0,0667 

0.0679 

18.0 

0.0598 

0.0623 

17,0 

0.0555 

0.C571 

16.0 

0,0489 

0.C521 

15.0 

0,0401 

0.0474 

14.0 

0,0414 

0.C430 

13.2 

0,0316 

0.C398 

12.5 

0,0412 

0.03TO 

11.8 

0.0314 

0.0345 

11.2 

0,0321 

0.0324 

10,6 

0,0286 

0.0304 

10. 0 

0,0297 

0.02 85 

9.5 

0,0293 

9.C271 

9,0 

0,0224 

0.0257 

8,5 

0.0286 

0. C243 

8,0 

0,0232 

O.C231 

7.5 

0,0209 

0.0219 

7.1 

0,0211 

0.C210 

6.7 

0.0196 

C.C2C2 

6.3 

0,0199 

0,0l"4 

5.9 

0,0173 

0.0186 

5.6 

0,0193 

0.0181 

5.3 

0,0173 

0.0176 

5.0 

0,0177 

0.0171 

4.5 

0,0140 

0.0164 

4.2 

0.0173 

0,0160 

4.0 

0.0154 

0,0157 



ABSORPTION COEFFICIENT (db/m) 


tk-mpepatuke 

ARSORPTTU9 Of SOUNU 
=260,9 K HELATIVE 

IN MB 

HUMIDITY = 29.4 ; 

EME(5l)F.NCy 

MEASUPtn ABS 

BPEDiriEl) 

(KH'i) 

(DB/M) 

CDB/M) 

loo.o 

1.6669 

1 .‘=512 

95,0 

1.4115 

1.3847 

90,0 

1 ,7.68 3 

1.2447 

R5,0 

1 .1048 

1.1127 

R0,0 

0,9943 

0.9885 

75,0 

0,8855 

0. 8714 

71,0 

0.8030 

0.7853 

f.7,0 

0,7152 

0.7000 

bJ,0 

0.6420 

0.6216 

59„0 

0,5569 

0.5480 

56,0 

0,4795 

0.49c0 

53,0 

0,4480 

0.4466 

511,0 

0,3925 

0.40CO 

4»,0 

0.3424 

0.3705 

♦ 5,0 

0,3310 

0.52 84 

42,0 

0.3185 

0.2890 

40,0 

0.2620 

0.2£45 

30.5 

0.2724 

0.2551 

35.4 

0.2440 

0.2120 

33.4 

0.2147 

0.1917 

31,5 

0.2025 

0.1726 

29,7 

0.1762 

0.1560 

20.0 

0.1476 

0.141? 

26,5 

0.1368 

0.12E9 

25.0 

0,1120 

Oiim 

24,0 

0.1044 

0.1098 

22.0 

0,0895 

0.0959 

21.0 

0.0964 

0.CB95 

20,0 

0,0834 

0.0853 

19.0 

0,0791 

0.0774 

18.0 

0.0770 

0.0716 

17.0 

0.0617 

0.0665 

16,0 

0.0627 

O-OCl-? 

15,0 

0.0537 

O.C56R 

14.0 

0,0555 

0.0525 

13,2 

0,0417 

0.0492 

12.5 

0.0521 

0.0464 

11,0 

O.0409 

0.0439 

11,2 

0.0380 

0.0418 

10, b 

0.0374 

0.0398 

10,0 

0.0349 

0.0379 

9,5 

0.0325 

0.0364 

9.0 

0.0344 

0.C350 

8.5 

0.0389 

0.0337 

0.0 

0.0316 

0.0324 

7.5 

0.0297 

0.0312 

7.1 

0,0278 

0.0303 

6.7 

0.0281 

0.0294 

6.3 

0.0267 

0.0286 

5.9 

0.0244 

0.0278 

5.6 

0.0261 

0.0272 

5.3 

0.0256 

0.0267 

5.0 

0.0191 

0.0261 

4.5 

0.0213 

0.0253 

4.2 

0,0273 

0.0248 

4.0 

0.0267 

0.0245 



ABSORPTION COEFFICIENT (db/m) 



rtnsnHPi-TuM nj.- snU6iu ium 
TK^PPHaiiiKK S2ft0,y ^ kFLftTlVK MiiMir»iTy = 3t«,1 % 


FKKiJf'f- c:v 

riTrt,sor''ir.r «B5 

I'Kt.njrTFL' 


nov' j 

eL'H/-.’i 


J , 7|i« i 

1 . 54 1; 


1 . 1J2>I 

1 . ^ 4 

w S , 1 1 

) rn 

1. 12?o 


1 .0 7 30 

o.O'ir-/, 

7 i 

0.551 7 

0. ■'9''4 

r 7 , 1 . 

o.7fc5a 

0.7101 

f 4.-I 

i'.7im 

1.6317 


11,5005 

0. 55F1 

‘S r> , ' 1 

0,59.30 

7.5061 


o.d07o 

1 .45(7 

S'l , (•• 

0.4440 

0.4] Cl 


0.3H34 

7.3306 

4S,0 

0 , 3575 

0.33 95 

42. u 

0.3450 

0. P091 

40, n 

0,2907 

7.2744 

37. ■> 

0.3020 

7.3451 

3S.4 

0.2597 

7. 2221 

33.4 

0.2225 

7.2013 

31.4 

0.19H8 

0.1R27 

20.7 

0.1557 

7. 1661 

2B." 

0,1575 

0.1513 

2»..b 

0.1452 

7. 1349 

2'5.i) 

0.1297 

7. 1,373 

2 4.0 

0.1241 

7.1107 

22.n 

0.1154 

0,106.0 

21,0 

0.1053 

0 , r q r 3 

2 0 . 1 ^ 

n,0'>7 2 

•7.n<3-33 

10,0 

0.0850 

7.7974 

10.0 

n.Ohss 

7. ceif 

17.0 

0.0799 

,7.0763 

1 h.O 

0,0746 

7 .7715 

15.0 

0,0574 

0. 066 3 

14.0 

0,0710 

7,0524 

13.2 

0,0622 

7.0501 

12.5 

0,0620 

). 7564 

11. t< 

0.0521 

0.0533 

1 1.2 

0.0504 

7.0516, 

10,5 

0,0476 

0. 0456, 

10,0 

0,0501 

■7.7477 

0.5 

0.0504 

7.046? 

0.0 

0.0453 

0. C443 

H.H 

n.04RU 

7.04:4 

O.O 

0.0419 

0.0420 

7.5 

0.0412 

0. 04 0'- 

7.1 

0,03H6 

7.03''-9 

4,7 

0.034(9 

0 .033:: 

5.3 

0.0359 

n .0379 

5.9 

o.Oibl 

0.0370 

5.5 

0.0339 

0.0354 

5.3 

0.0J55 

0.0357 

5.0 

0.0328 

O.Oibl 

4.R 

0,0393 

0.0347 

4.5 

0,0357 

0,0340 

4.2 

0,0355 

0.0333 

4.0 

0,0323 

0,0328 





ABSORPTION COEFFICIENT (db/m) 



absokpttdn of sound 

IN AIR 

TKMPFhftTUKK 

=260,9 K REDATIVF 

HUMIDITY = 60,3 ' 

FKfcOllfc-WCY 

measured BBS 

PREDICTED 

CFPZI 

(DB/B) 

(DB/M3 

1 00 , 0 

1.7834 

1.5576 

95.0 

1 .5448 

1.4105 

90.0 

1 .4060 

1-7710 

85. 0 

1,237b 

1.1390 

80,0 

1.1211 

1.0146 

75.0 

0.9957 

0.8077 

71.0 

0,9858 

0. aoo6 

57.0 

0,8018 

0. 7263 

bl.O 

0.7631 

0.6479 

59.0 

0,6703 

0, 5743 

56,0 

0.588b 

0. 5223 

5?.0 

0,5500 

0.4779 

50.0 

n,504b 

0.42 63 

48.0 

0.4673 

0 . 3950 

45.0 

0,4399 

0.3547 

47,0 

0.4 1 Ob 

0. 31 53 

40,0 

0,3551 

0.25C6 

37.5 

0.2978 

0.2613 

35.4 

0.271b 

0.7 3 82 

33.4 

0.2410 

0.2174 

3t .5 

0.2132 

0.1080 

29.7 

0,1949 

J. 182? 

78. u 

0,1786 

0. 16 74 

?5.5 

0.1634 

0. 1550 

75.0 

0.1 396 

0.14 3/, 

21.0 

0,1306 

0 . 1350 

77,0 

0.1160 

0.1220 

21.0 

0,1248 

0.1155 

20.0 

0.1144 

0. 1093 

1 9.0 

0,091 1 

0.1034 

18.0 

0,0992 

3.0077 

17.0 

0,0924 

0. CO 24 

15,0 

0.0877 

0.0873 

15.0 

O.OH06 

■''.0826 

14.0 

0,0798 

■3. C761 

13.7 

0,0782 

0.3747 

17.5 

0,0746 

0.0710 

1 1 .« 

0,0b79 

0 . C6 93 

11.2 

0,0640 

0.0671 

10.5 

0.0679 

3.0649 

1 0 . 0 

O.ObOl 

3. C6 29 

9.5 

0,0556 

3.06 13 

9.0 

0,0567 

0.0597 

8.5 

0.0587 

0.0582 

8.0 

0.0557 

0,0567 

7,5 

0,0531 

0.0 5 '■'2 

7.1 

0,0515 

0 . C 5 4 1 

6.7 

0.0515 

8.0529 

6.3 

0.0507 

0.0517 

5.9 

i',0484 

0.0505 

5.6 

0,0498 

0,0496 

5.3 

0.048) 

0.0486 

5.0 

0,na15 

0.0476 

4.8 

0,0451 

0.0469 

4.5 

0.0448 

0.0458 

4.0 

0.0442 

0,0437 



ABSORPTION COEFFICIENT (db/m) 



RMSOKPHU ' ni snuNLi 
=250,9 5 KFOATIYK 

If SIR 

HUVIOITY = 59.7 

FRKfillt." CY 

I.KASURpn MiS 

FPtn iriK.l) 

IKUZ) 

(DB/R) 

(C'B/M) 

lon.O 

1.6957 

1.5715 

9‘i.O 

1 .5714 

1. 4244 

90. I) 

1.3270 

1.7849 

9S.0 

1.1731 

1.1579 

«i).0 

1.0603 

1.07F5 

79.0 

0.9532 

0. 91 16 

71 .0 

0,8530 

0.5235 

67.0 

0.7659 

0. 74C? 

61.0 

0,7195 

0.66 1.5 

S9,li 

0,6420 

Q.5P82 

•ih.l) 

O.60O9 

0. 5362 

63.0 

0.5635 

■3. 4865 

50.0 

0,5003 

0.4402 

4H.0 

0,4533 

0.41C6 

45.0 

0,4262 

0. 3685 

47.0 

0.3998 

0 .3291 

40,0 

0,3422 

0.3C44 

37.5 

0.3167 

0.2751 

35.4 

0.2919 

0.7520 

33.4 

0,2556 

0.2312 

31.5 

0.2373 

0. 2126 

29.7 

0.2147 

0 .1959 

2«." 

0.187H 

0.1811 

26.5 

0,1737 

0. 1687 

25,0 

0,1545 

0.1570 

24,0 

0,1468 

0.1496 

22.0 

0,1300 

0. 1356 

21.0 

0,1348 

0.1291 

20.0 

0.1163 

0. 1228 

19.0 

0,1132 

0. 1168 

I«.0 

0.1005 

0.1112 

17.0 

0.1074 

0.1058 

16,0 

0,0984 

0. 10C6 

15.0 

0.0879 

0 .0«55 

14,0 

0.0894 

0. 0912 

13.2 

0,0805 

0.0877 

12.5 

O.OBRO 

0.0848 

11. « 

0.0764 

0. C820 

11.2 

0,0760 

0.07S7 

10,5 

0,0749 

0.0775 

10,0 

0,0737 

0.0753 

9.5 

0,0665 

0. 0735 

9.0 

0,0666 

0.0717 

9,5 

0,0702 

0.0700 

R.O 

0,0659 

0,0682 

7.5 

0,0622 

0,0665 

7.1 

0,0609 

0.0650 

6.7 

0,0610 

0.0636 

6.3 

0,0591 

0.0620 

5.9 

0.0562 

0.0604 

5.6 

0,0563 

0,0591 

5.3 

0,0556 

0,0578 

5.0 

0,0464 

0,0563 

4.8 

0,0638 

0,0553 

4.5 

0,0479 

0,0536 

4.2 

0,0484 

0,0517 

4.0 

0.0486 

0,0504 



ABSORPTION COEFFICIENT (db/m) 



ABSOKPrTUil riK SOUND IN SIR 


TEMrKRATMRE 

=260.9 K RELATIVE 

HUMiniTI = 70,7 

FREUtltwCY 

MEftSUREI.) AbS 

PREnirTED 

! KRY) 

(DR2M 5 

rcp/M) 

10 0.0 

1 .82,78 

1 .5891 

05.0 

1.5902 

1.4421 

QO.o 

1,4436 

1. 3025 

85.0 

1.2718 

1. 17C6 

8 0.0 

1.1528 

1.04 61 

75.0 

1.0382 

0. 9?<;2 

71.0 

0.9281 

0.8411 

5 7,0 

0,8622 

0 . 7573 

hl.O 

0,7639 

0. 6794 

59. 0 

0,6710 

0.6058 

55. 0 

0,5848 

0. 5537 

51.0 

0.575O 

n. 5C44 

50,0 

0,5104 

0 . 4577 

48,0 

0.4472 

0 . 42 82 

45.0 

0.4307 

0. 3860 

4 2,0 

0.4409 

0,3466 

40.0 

0.3790 

0.3218 

17.5 

0.3371 

0. 2926 

35.4 

0. 3091 

3.2694 

33.4 

0,2647 

0. 24 86 

31.5 

0.2502 

0, 2299 

20.7 

0,7249 

0.2132 

2«.0 

0,2031 

0. 19 33 

25,5 

0,1865 

0. 1859 

25.0 

0,1634 

0.1741 

24,0 

0.1747 

0.1667 

22,0 

0,1479 

0. 1526 

21.0 

0,1426 

0. 1460 

20,0 

0,1369 

0. 1396 

19.0 

0,1303 

0. 1336 

18,0 

0.1241) 

0.1278 

17.0 

0,1160 

0.1273 

16.0 

0.1144 

0. 117G 

15,0 

0,1068 

0.1120 

14,0 

0.1120 

0. 1C 72 

13.2 

0,0991 

0. 1035 

12.5 

0.1023 

0. 1004 

11.8 

0,0920 

0 . 09 74 

n.2 

0,0891 

0. 0^48 

10.6 

0,0880 

3.0923 

10,0 

0.0837 

O.OR98 

9.5 

0.0800 

0. C877 

9 , 0 

0.0828 

0 . 0856 

8.5 

0,0850 

0,0834 

8.0 

0.0784 

0.0812 

7.5 

0,0746 

0,0789 

7.1 

0.0721 

0,0770 

6.7 

0.0713 

0,0750 

6.3 

0,0676 

0,0728 

5.9 

0,0657 

0.0705 

5.5 

0.0660 

O.ObHb 

5.3 

0,0646 

0,0666 

5.0 

0.0581 

0,0644 

4.H 

0.0604 

0.0629 

4.5 

0.0553 

0.0603 

4,2 

0.0657 

0,0576 

4.0 

0,0548 

n.055h 



1.0 


10 . 

FREQUENCY (kHz) 


ABSORPTION COEFFICIENT (db/m) 




TEMPERATURR 

ABSORPTION OP SOUND 
■260.9 K RELATIVE 

IN AIR 

HUHIDITX ■ 78,4 ' 

rREOUENCE 

MEASURED ABS 

PREDICTED 

(KHZ) 

(DB/M) 

(DB/M) 

100.0 

1.7404 

1.6022 

95.0 

1.4996 

1.455? 

90.0 

1.3522 

1.3156 

65.0 

1.1978 

1.1836 

80.0 

1.0899 

1.0592 

75.0 

0.9864 

0.9423 

71.0 

0.8831 

0.8542 

67.0 

0.7891 

0.7709 

63.0 

0.7244 

0.6924 

59.0 

0.6731 

0.6183 

56.0 

0.5298 

0.5667 

53.0 

0.5572 

0.5174 

50.0 

0.5037 

0.47C7 

48.0 

0.4523 

0.4411 

45.0 

0.4203 

0.3990 

42.0 

0.3986 

0.3595 

40. U 

0.3431 

0.3347 

37.5 

0.3072 

0.3054 

35.4 

0.2776 

0.2823 

33.4 

0.2421 

0.2tl4 

31.5 

0.2317 

0.2427 

29.7 

0.2453 

0;2259 

28.0 

0.1955 

0.2110 

26.5 

0.1832 

0.1985 

25.0 

0.1667 

0.1867 

24.0 

0.1826 

0.179? 

22.0 

0,1524 

0. 1640 

21.0 

0.1534 

0,158? 

20.0 

0,1418 

0.1518. 

19.0 

0.1383 

0. 1457 

19.0 

0.1380 

0.1398 

17.0 

0.1291 

0.1341 

16.0 

0.1240 

0. 1287 

15.0 

0.1162 

0. 1235 

14.0 

0,1157 

0.1185 

13.2 

0,1048 

0. 1146 

12.5 

0.1139 

0.1113 

11.8 

0,1002 

0.1080 

11.2 

0.1003 

0. IC5? 

10.6 

9,0920 

0. 1C?4 

10.0 

0.0972 

0.0906 

9.5 

0.0977 

0. C972 

9.0 

0,0886 

0.C48 

8.5 

0,0935 

0.0922 

8.0 

0,0842 

0,0896 

7.5 

0,0819 

0.0868 

7.1 

0.0799 

0,0844 

6.7 

0.0784 

0.0619 

6.3 

0.0733 

0,0792 

5.9 

0,0721 

0.0763 

5.6 

0,0719 

0.0739 

5.3 

0,0695 

0,0713 

5.0 

9.0633 

0.0686 

4.8 

0.067b 

0.0666 

4.5 

0,0587 

0,0635 

4.2 

0.0618 

0.0600 

.4.0 

n,0b02 

0,0576 



ABSORPTION COEFFICIENT (db/m) 



TEMPKHAUmF. 

arsorptiun of snuND 

= 266.5 A RFliRTlVE 

16 AIR 

HUMIPITK = 0.0 ' 

FPEUMENCY 

rtEARURF.n ABS 

PREOirTER 

CKHZ) 

(im/R) 

(DB/M) 

loo.o 

1 .6816 

1.5250 

95,0 

1 ,5070 

1 .3764 

90, 0 

1.3031 

1.23 54 

«5.0 

1 .2295 

1. 1070 

sn.o 

1.0585 

9.9763 

7S,0 

0.9961 

9. 8582 

T1 .0 

0.8392 

J. 7692 

57.0 

0.7734 

9.6850 

63,1) 

0,6456 

0.6058 

59. P 

'0.5737 

0.5314 

56.0 

0,5277 

0.4788 

53. P 

0,4922 

0. 4289 

50.0 

0.3937 

0. 3P19 

Afl.P 

0.3940 

0. 3520 

45,0 

0 . 3606 

9.3095 

42.0 

0,3468 

0. 2697 

40,0 

0.2625 

0.2447 

37.5 

'',2114 

■9.2151 

35,4 

0,1824 

0. 1918 

33.4 

0.1659 

0. 17CR 

31.5 

0.1475 

0.1520 

79. T 

0,1363 

0.135? 

7P.0 

0.1110 

0. 1203 

76.5 

0.1047 

0. 1073 

25.0 

0.0765 

0. 0961 

24,0 

0.0877 

0.0886 

22.0 

0,0703 

0.0746 

21,0 

0,0660 

0. 06 PO 

20.0 

0.0622 

0.0618 

19.0 

0.0541 

9.0558 

1«.0 

0.0440 

0.05C2 

17.0 

0,0450 

0.0448 

16.0 

0.0302 

0.0398 

15.0 

0,0339 

0. 0351 

14.0 

0,0309 

0.0307 

13.2 

0,0264 

0.0274 

12.5 

0.0184 

0.0246 

11.8 

0.0213 

0.0220 

11.2 

0,0157 

0.0199 

10.6 

0.0202 

0.0179 

10.0 

0.0180 

0.0160 

9.5 

0.0147 

0.0146 

9.0 

0.0114 

0.0131 

8.5 

0.0143 

0.0118 

8,0 

0.0086 

0.0106 

7.5 

0.0113 

0. 0094 

7.1 

0,0077 

0.0085 

6.7 

0,0104 

0,0076 

6.3 

0,0006 

0.0068 

5.9 

0,0057 

0.0061 

5.6 

0.0059 

0,0056 

5.3 

0.0045 

0.0051 

5,0 

0.0031 

0.0046 

4.5 

0,0081 

0,0039 

4.0 

0.0035 

0,0032 



ABSORPTION COEFFICIENT (db/m) 


- 


temperature 

ABSnRPTIUN OF SOUND 
S266.5 K RELATIVE 

IN AIR 

HUMIDITT » 9.9 

frequence 

MEASURED ABS 

predicted 

(KHZ) 

(DB/M) 

CDB/M) 

100,0 

1,7409 

i. 5353 

95.0 

1.5440 

1.3867 

90,0 

1.3795 

1 .2457 

85.0 

1.2757 

1.1123 

80.0 

1.1512 

0. 9866 

75.0 

1,0303 

0.8684 

71.0 

0.9313 

0,7794 

P7.0 

0,8269 

0. 6953 

h3,0 

0,7044 

0.6160 

59.0 

0,6120 

0.5416 

56.0 

0.5718 

0.4091 

53.0 

0.5135 

0.4392 

50,0 

0.4b59 

0. 39 21 

48.0 

0,4328 

0. 3622 

45.0 

0,4178 

0, 3197 

42.0 

0,3510 

0.2799 

40,0 

0.3364 

0. 2549 

37.5 

0.2873 

0.22 54 

35.4 

0.26H6 

0. 20H 

33.4 

0,1924 

0. 1811 

31,5 

0,1767 

0.1623 

29.7 

n.l54-> 

0.1455 

28.0 

0,146V 

0. 13C6 

26.5 

0.1258 

0.1181 

25.0 

0.1119 

3. 1063 

24.0 

0. 1033 

0. CSO 

72.0 

0,0933 

0.0848 

21.0 

0,0817 

0.0783 

70.0 

0,0703 

0. 0720 

19.0 

0,0663 

0.0661 

18,0 

0.0591 

0.0604 

17,0 

0.0573 

0. 0551 

16.0 

0,0500 

0.0501 

15.0 

0.0474 

0.04 53 

14.0 

0,0527 

0. C4C9 

13.2 

0,0370 

0.0376 

12.5 

0,0318 

0.0349 

11.0 

0,0298 

0.0323 

11,2 

0,0311 

0.0302 

10,6 

0,0269 

0.02 82 

10.0 

0,0228 

0.0263 

9,5 

0,0194 

0.0248 

9.0 

0.0206 

0,02 34 

8.5 

0.0189 

0. 0221 

8.0 

0.0191 

(1.020H 

7.5 

0,0190 

0,0196 

7.1 

0.0169 

0.0187 

6.7 

n.ni55 

0,0179 

6.3 

n,oi56 

0,0171 

5.9 

0,0165 

0,0163 

5,6 

0.0114 

0.0158 

5. 3 

0.0121 

0,0153 

5.0 

0.0168 

0,0148 


vD 

Ln 



ABSORPTION COEFFICIENT (db/m) 




VO 

Ov 



/vMSnHPlnin OF sou^n 
= 260.5 6 HELAJ'IVF, 

IH 4IP 

HllMiniTY = 19.5 

frehulncy 

MFASURtD AliS 

PRtniCTFI 

CKHZ) 

(PB/M) 

(DB/M) 

tori.o 

1.8502 

r.Sbl’ 

95.0 

1 .6425 

1.4C77 

90.0 

1 .4480 

1.2617 

P5.0 

1.313b 

1 . 1 2 P3 

pn.O 

1 .1627 

1.0026 

75.0 

1 .0290 

0.8844 

7t.O 

0.9216 

0 . 79 54 

67.0 

0.8042 

0.7113 

63.0 

0.6847 

0.6320 

59.0 

0.5819 

0. 5876 

56.0 

0.5493 

0. 50 50 

53.0 

0.5022 

0.4552 

50.0 

0.4158 

0 . 40 ai 

40.0 

0.3971 

0. 3787 

45.0 

0.3978 

0.3357 

47.0 

0.3503 

0.7950 

40.0 

0.3414 

0. 77C9 

37.5 

0.2823 

0.2414 

35.4 

0.2308 

0.2181 

33.4 

0.2129 

0. 1971 

31.5 

0,1958 

0. 1783 

79.7 

0,1837 

0.1615 

28.0 

0.1618 

0. 1465 

26.5 

0.1301 

0.1341 

75.0 

0.1220 

0.1223 

24.0 

0.1139 

0. 1148 

22,0 

0.1142 

0.1008 

21.0 

0.0994 

0.0942 

7.0.0 

0.0888 

0. 0880 

19.0 

0.0865 

3.0820 

18.0 

0.0791 

0.0764 

17.0 

0,0712 

0.0710 

16.0 

0.0689 

0.0660 

15.0 

0.0636 

0.0613 

14.0 

0.0569 

0.0568 

13.2 

0.0518 

3.0535 

12,5 

0.0460 

0.0507 

11.8 

0.0466 

0.C481 

11.2 

0.0484 

0.0460 

10,6 

0.0399 

0.0440 

10.0 

0,0414 

0. C421 

9.5 

0,0419 

0.0406 

9.0 

0.0381 

0.0392 

8,5 

0.0362 

0.0379 

8,0 

0.0338 

0.0365 

7.5 

0,0337 

0.0353 

7.1 

0.0324 

0.P344 

6.7 

0,0309 

0.0335 

6.3 

0.0316 

0.0326 

5.9 

0.0331 

0.0318 

5.6 

0.0285 

0.0312 

5,3 

0,0298 

0.0307 

5,0 

0,0270 

0.030i 

4.8 

0.0334 

0.0297 

4.5 

0.0268 

0.0292 

4.2 

0.4)236 

0.0287 

4,0 

0.0269 

0.0283 



ABSORPTION COEFFICIENT (db/m) 




temperature 

absorption or sound 
a266,5 K REDATIVE 

IN AIR 

HUMIDITY a 30,5 

TREOUENCY 

measured ABS 

PREDICTED 

(KHZ) 

(DB/M) 

(DB/N) 

100.0 

1.6564 

1.5753 

95.0 

1 ,4397 

1.4267 

90.0 

1.2856 

1.2857 

85.0 

1,1670 

1.1523 

80.0 

1.0395 

1.02 66 

75.0 

0.9618 

0. 9084 

71.0 

0,8993 

0.8194 

67.0 

0,7682 

0.73 53 

63.0 

0,7764 

0.6560 

59.0 

0,6475 

0.5816 

56.0 

0,6020 

0. 529C 

53.0 

0,5692 

0.4792 

50,0 

0,5213 

0.4321 

48.0 

0,4773 

0.4022 

45.0 

0,4443 

0. 3597 

42.0 

0.3759 

0.3199 

40.0 

0.3417 

0.2949 

37.5 

0,2919 

0. 2653 

35.4 

0,2386 

0.2420 

33,4 

0.2102 

0. 2210 

31,5 

0,1837 

0. 2022 

29,7 

0.1837 

0.1854 

26.0 

0.1951 

0,lS3iS 

25.0 

0.1481 

0.1451 

24.0 

0,1504 

0. 1387 

22.0 

0,1273 

0. 1246 

21,0 

0,1276 

0. 11 SO 

20,0 

0,1151 

0.1117 

19,0 

0,1167 

0. 1057 

18.0 

0,1060 

0.1001 

17.0 

0,1010 

0.0947 

16.0 

0.0961 

0. CP96 

15.0 

0,0827 

0.0848 

14.0 

0,0925 

0. C8C3 

13,2 

0,0893 

0. 0769 

12,5 

0,0767 

0.0741 

11.8 

0,0760 

0. 0714 

11.2 

0,0737 

0. C692 

10,6 

0.0863 

0.0671 

10,0 

0.0772 

0. C550 

9.5 

0,0746 

0. C634 

9.0 

0,0666 

0.0619 

8.5 

0.0620 

0. 06 03 

8.0 

0.0662 

0. 0589 

7.5 

0,0593 

0,0574 

7.1 

0,0570 

0.0553 

6,7 

0,0606 

0,0551 

6.3 

0,0564 

0,0540 

5.9 

0,0573 

0,0529 

5.6 

0.0542 

0.0520 

5.3 

0,0505 

0.0511 

5,0 

0,0500 

0.0501 

4.8 

0,0583 

0,0494 

4.5 

0,0502 

0.0484 

4.0 

0,0523 

0,0464 



vO 


ABSORPTION COEFFICIENT (db/m) 




tehpkkati'kf: 

ARSORPITOH np SnUNU 
s26-5,b K relative 

IN AIR 

HUMIDITY = 39,0 

FREOMENCY 

MEASURED ABS 

PREDlriED 

tKHZ) 

fDB/M) 

(DB/M) 

mo.o 

1,7710 

1 .5972 

95.0 

1,5476 

1.4485 

90,0 

1,3769 

1. 3076 

85.0 

1.2786 

1.1742 

80.0 

1.1744 

1.04 84 

75.0 

1.093/ 

0. 9?(-3 

71.0 

1.0354 

0,8413 

R7.0 

0,9521 

0.7571 

63.0 

0,8352 

0.677'^ 

59.0 

0,7310 

0.6035 

56,0 

0,6788 

0.5509 

53.0 

0.6126 

0. 5010 

50.0 

0.5571 

0.4539 

48,0 

0.5082 

0,4240 

45.0 

0,4862 

0. 3P15 

42.0 

0,4150 

0.3416 

40.0 

0,3993 

0.3166 

37,5 

0.3692 

0. 2871 

35.4 

0.3052 

0.2637 

33.4 

0.2864 

0.2427 

31.5 

0,2624 

0. 2238 

29.7 

0.2322 

0.2C70 

28, 0 

0,1981 

0.1920 

26.5 

0.1645 

0. 1795 

25.0 

0.1748 

0.1676 

24,0 

0.1602 

0.1601 

22.0 

0,1489 

0. 1460 

21.0 

0.1393 

0.1393 

20.0 

0,1311 

0.1330 

19,0 

0.1308 

0. 1270 

18.0 

0,1219 

0.1212 

17,0 

0.1178 

0. 11 57 

16.0 

0.1112 

0. 11C5 

15.0 

0.1029 

0.1056 

14,0 

0,1112 

0.1009 

13,2 

0,0957 

0. 0974 

12,5 

0,0894 

0.0944 

11.8 

0.0900 

0.0915 

11.2 

0,0890 

0. C892 

10.6 

0.0864 

0.0868 

10.0 

0.0822 

0.0846 

9.5 

0.0861 

0. 0827 

9.0 

0.0772 

0.0809 

8,5 

0,0795 

0.0790 

8.0 

0,0741 

0, 0772 

7.5 

0.0753 

0.0753 

7.1 

0.0719 

0.073? 

6.7 

0,0695 

0.0721 

6.3 

0,0699 

0,0705 

5.9 

0,0701 

0.0687 

5,6 

0,0599 

0.0672 

5.3 

0,0638 

0,0657 

5.0 

0,0611 

0.0641 

4.8 

0,0761 

0.0629 

4.5 

0.0586 

0,0610 

4.2 

0,0440 

0.0589 

4.0 

0.0499 

0.0573 



ABSORPTION COEFFICIENT (db/m) 




TEMpERIltURE 

ABSORPtlON or SOUND 
*266,5 K REIiATIVE 

IN AIR 

HUNIDITT b 50.0 1 

PREQUENCr 

NEASURED ASS 

PREDICTED 

(KHZ) 

(DB/H) 

(DB/H) 

loo.o 

1 . 73)5 

1.6289 

95.0 

1.5105 

1 .4803 

90.0 

1.3419 

1.3393 

85.0 

1.2342 

1.2059 

80.0 

1 . 105 ) 

1.0801 

75.0 

1.0173 

0.9620 

71.0 

0.9544 

0. 8729 

67.0 

0,8796 

0.7888 

63.0 

0,8201 

0.7095 

59.0 

0.6921 

0.6351 

56.0 

0.6423 

0.5824 

53.0 

0,6064 

0.5326 

50.0 

0.5294 

0.4854 

48.0 

0.5182 

0.4555 

45,0 

0.4724 

0.4129 

42.0 

0,3567 

0.3730 

40,0 

0.3886 

0.3480 

37.5 

0.3342 

0.3183 

35.4 

0,3475 

0. 2949 

33,4 

0.3121 

0.2738 

31,5 

0,2749 

0.2549 

28.0 

0,2466 

'^.2279 

26,5 

0.2466 

0.2102 

25,0 

0.2131 

0. 1983 

24,0 

0.2116 

0. 1907 

22,0 

0.1764 

0. 1763 

21.0 

0.1713 

0 . 1695 

20,0 

0.1679 

0.1630 

19,0 

0.1706 

0 . 15<-8 

18,0 

0.1708 

0 . 15 C 8 

17,0 

0.1471 

0.14 50 

16,0 

0,1455 

0.1395 

15.0 

0,1391 

0. 1343 

14.0 

0,1362 

o '. 1292 

13.2 

0,1339 

0.1252 

12.5 

0.1354 

0. 1218 

11.8 

0.1216 

0. 1184 

11.2 

0,1241 

0,1155 

10.6 

0,1212 

0. 1127 

10,0 

0,1189 

0. 1097 

9.5 

0,1205 

0 . 1073 

9.0 

0.1027 

0 . 1 C 47 

8.5 

0,1082 

0.1021 

8.0 

0.1119 

0 . 09=3 

7.1 

0.0968 

0 . 093 B 

6.7 

0.0966 

0.0912 

6,3 

0.0938 

0,0883 

5.9 

0,0956 

0.0851 

5.6 

0.0838 

0.0826 

5.3 

0,0896 

0.0798 

5,0 

0,0808 

0,0768 

4.8 

0.0742 

0,0747 

4.5 

0,0767 

0,0713 


!S 



ABSORPTION COEFFICIENT (db/m) 
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TCMF'KRATlIKf: 

ABSORPTION OF SOUND 
=266,5 K REliATIVE 

IN AIR 

humidity b 59,7 ! 

FRKOtttNCY 

MEASURED ABS 

PREDICTED 

CKHZ) 

CDB/M) 

(OB/M) 

100,0 

2,0123 

1. 6995 

95,0 

1,7846 

1.5109 

90,0 

1,6096 

1 .3699 

85,0 

1,4584 

1.23 64 

80,0 

1,3180 

1. llC-7 

75,0 

1,2075 

0.9925 

71,0 

1.1254 

0.9034 

67,0 

0.9917 

0. 8192 

63,0 

0.9258 

0.7399 

59,0 

0,7984 

0.66 54 

56,0 

0,7346 

0. 6128 

53,0 

0.6861 

0.5628 

50,0 

0,6384 

0.5156 

48,0 

0,5879 

0.4857 

45,0 

0.5330 

0.4430 

42,0 

0.5245 

0.4030 

40,0 

0,4811 

0. 3779 

37,5 

0.41"68 

0.3482 

35,4 

0,3621 

0.3246 

33.4 

0,3253 

0. 3C34 

31.5 

6.2917 

0.2843 

29.7 

0,2824 

0.2672 

28.0 

0,2691 

0.2520 

26,5 

0,2354 

0.2592 

25.0 

0,2178 

0.2270 

24.0 

0,2105 

0. 2192 

22.0 

0,1898 

0.2044 

21.0 

0,1928 

0.1974 

20,0 

0,1813 

0. 19C6 

19.0 

0,1879 

0.1840 

18,0 

0,1701 

0.1777 

17.0 

0,1633 

0. 1715 

16,0 

0,1570 

0.1655 

15.0 

0,1450 

0.1597 

14.0 

0,1524 

0. 1539 

13.2 

0,1412 

0.1493 

12.5 

0,1352 

0.1452 

11.8 

0,1316 

0. 1411 

11.2 

0,1288 

0.1375 

10.6 

0,1259 

0.1337 

10,0 

0,1235 

0. 1299 

9.5 

0.1192 

0.1265 

9.0 

0,1110 

0.1230 

9,5 

0,1145 

0.1192 

8,0 

0,1072 

0.1152 

7,5 

0,1055 

0,1109 

7,1 

0,1016 

0.1072 

6,7 

0.0976 

0.1032 

6,3 

0,0948 

0.0989 

5,9 

0.0910 

0,0943 

5,6 

0,0879 

0,0905 

5,3 

0.0843 

0.0865 

5.C 

0,0f76 

0.0822 

4.6 

0.0804 

0.0792 

4,5 

0.0746 

0.0745 

4.2 

0,0695 

0.0694 

4.0 

0,0683 

0.0659 




ABSORPTION COEFFICIENT (db/m) 


temperature 

absorption of sound 
■266. S K RELATIVE 

IN AIR 

HUMIDITY = 69,6 ' 

frequency 

measured ABS 

PREDICTED 

CKHZ) 

(DB/H) 

CDB/M) 

100,0 

1,7578 

1.6928 

05,0 

1.6272 

1.5441 

90.0 

1,4586 

1. 4031 

85.0 

1.3438 

1.2696 

80.0 

1.2085 

1.1438 

75,0 

1.1191 

1.0256 

71,0 

1.0601 

0.9365 

67.0 

0.9330 

0. 8522 

63.0 

0.8825 

0. 7728 

59.0 

0.7591 

0.6983 

56,0 

0,7124 

0.6455 

53.0 

0.6225 

0. 5955 

50,0 

0.5504 

0.5482 

48.0 

0.5024 

0.5182 

45.0 

0.4433 

0. 4754 

42.0 

0,4384 

0.4353 

40.0 

0.3990 

0. 4100 

37.5 

0.4290 

0. 38CI 

35.4 

0,3707 

0.3563 

33.4 

0.3430 

0.3340 

31.5 

0.3267 

0. 3156 

29.7 

0.3076 

0.2982 

28.0 

0.2892 

0.2826 

26,5 

0,2657 

0. 2695 

25.0 

0,2535 

0.2570 

24.0 

0.2460 

0.2489 

22.0 

0.2260 

0.2335 

21.0 

0,2248 

0.2260 

20.0 

n.2130 

0.2188 

19.0 

0.2013 

0. 2118 

18,0 

0,2007 

0.2048 

17.0 

0,1906 

0. 19 80 

16,0 

0,1806 

0. 191? 

15.0 

0,1690 

0.1844 

14.0 

0,1798 

0.1775 

1 3.2 

0.1618 

0. 1719 

12.5 

0.1611 

0. 1669 

11.8 

0,1536 

0.1616 

11.2 

0,1483 

0. 1570 

10,6 

0,1460 

0.1521 

10. 0 

0.141 1 

0,1469 

9.5 

0.1399 

0. 1424 

9.0 

0.1270 

0.1575 

8.5 

0.1293 

0.1324 

8.0 

0.1221 

0. 1269 

7.5 

0.1182 

0.1209 

7.1 

0.1113 

0.1153 

6.7 

0,1076 

0. 11C4 

6.3 

0,1023 

J. 1046 

5.9 

0,0965 

0.0985 

5.6 

0.092b 

0,0936 

5.3 

0.0887 

0,0885 

5.0 

0,0797 

0,0831 

4.8 

0,0800 

0,0794 

4.5 

0.0779 

0.0736 

4.2 

0,0637 

0,067b 

4 , 0 

0,0679 

0 . 0 b 3 6 
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ABSORPTION COEFFICIENT (db/m) 



TRMpRhATlIRE: 

APSClkPTTU'i OF SOUI'ID 
= 266.5 K PFIjA'IIVK 

IF AIR 

Hll*»iniTy □ 80, i) ‘ 

FhKrjMK'Jcy 

MKAPUWtn AOS 

pREn.ir I'FLi 

(KH£1 

fDB/M) 

a>P/n) 

I 00.0 

1.9848 

L. 72 96 

QS.O 

1 .5870 

1 • 5809 

90.0 

1.4250 

1'. 4390 

RS.O 

1.3294 

1.3063 

HO.O 

1.2060 

1.1 8C4 

75.0 

1.1067 

1.9621 

71.0 

1 .0286 

9. 9729 

67.0 

0.8922 

9.0885 

63.0 

0.8399 

0 . 80 9f 

59.0 

0.7290 

0. 734? 

56.0 

0,6351 

9.6815 

53.0 

0,6171 

9 . 6 3 L 3 

50.0 

0.5583 

0. 5P‘>" 

4fl.0 

0,5165 

0.5537 

45.0 

0.4561 

0. 91 C7 

42.0 

0.4588 

9. 47C3 

40.0 

0,4250 

9.4448 

37.5 

0,4648 

9.4145 

35.4 

0.4174 

9. 39C5 

33.4 

0,3803 

0.3687 

31.5 

0.3595 

9. 3490 

29.7 

0.3413 

0. 3312 

28.0 

0.3244 

0. 3152 

26.5 

0,3126 

0.3019 

25.0 

0,2716 

0. 2884 

24.0 

0,2756 

0.2799 

22.0 

0.2572 

0.2634 

21.0 

0.2515 

0. 2554 

20.0 

0.2395 

0.2475 

19.0 

0.2368 

0.2396 

18.0 

0.2288 

9. 2318 

17.0 

0.2182 

0.2240 

16.0 

0.2084 

9.2160 

15.0 

0.1957 

0.2C79 

14.0 

0.2056 

0. 1995 

13.2 

0.1869 

0.1925 

12.5 

0.1830 

0. 1861 

11.8 

0.1737 

0.1794 

11.2 

0,1707 

0.1734 

10.6 

0.1624 

0. 1670 

10.0 

0.1583 

0. 1602 

9.5 

0,1551 

0.1542 

9.0 

0,1402 

0. 1479 

8.5 

0.1389 

0.1411 

8.0 

0.1311 

0.1340 

7.5 

Q.1251 

0. 1264 

7.1 

0,1178 

0. 1199 

6.7 

0.1121 

0. 1131 

6.J 

0,1053 

0. 1060 

5.9 

0,0978 

0.0985 

5,6 

0,0937 

0.0927 

5.3 

0.0879 

0. 0867 

5.0 

0.0786 

0.0B06 

4.8 

0.0803 

0.0764 

4.5 

0,0752 

0. 07C0 

4.2 

0,0620 

0.0636 

4,0 

0,0636 

9.0592 
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absorption op sound in air 
temperature bTSSiS K relative humidity « 91.7 % 


FREQUENCY 

measured abs 

PREDICTED 

(KHZ) 

(DB/M) 

(DBVMl 

loo.o 

1,8468 

1 . 7727 

95.0 

1.6013 

1.6239 

90.0 

1.4269 

1.4828 

65.0 

1.3147 

1.3492 

80.0 

1.1789 

1.2231 

75.0 

1.1025 

1.1047 

71.0 

1.0111 

1.0154 

67.0 

0.9166 

0 . 93 C 8 

63.0 

0,8700 

0.8511 

59.0 

0,7436 

0.7762 

56.0 

0,7186 

0.7232 

53.0 

0,6875 

0.6728 

50.0 

0.6177 

0.6250 

48.0 

0,5925 

‘ 0 . 5947 

45.0 

0,5183 

0.5512 

42.0 

0,5086 

0.5104 

40.0 

0.4811 

0, 4846 

37.5 

0.5062 

0.4538 

35.4 

0.4488 

0.4292 

33.4 

0.4321 

0.4069 

31.5 

0,3939 

3.3865 

29.7 

0,3807 

0.3680 

28.0 

0.3633 

0.3512 

26.5 

0,3331 

0.3367 

25.0 

0,3169 

0.3227 

24.0 

0,3079 

0.3135 

22.0 

0,2825 

0.2953 

21.0 

0,2845 

0.2864 

20.0 

0,2724 

0.7774 

19.0 

0,2651 

0.2683 

16.0 

0.2619 

0.2592 

17,0 

0,2406 

0 . 24=8 

16,0 

0,2354 

3.2402 

15,0 

0,2226 

3.2302 

14.0 

0.2174 

0.2197 

D .2 

0,2026 

0 . 21 C 8 

12.5 

0.2001 

■ 3.7027 

11.8 

0,1905 

0. 1941 

n .2 

0,1875 

0. 1863 

10,6 

0,1734 

0.1781 

10.0 

0.1635 

0. 1695 

9.5 

0,1638 

0.1618 

9.0 

0.1461 

0.1539 

R .5 

0.1465 

0. 1455 

R.O 

0.1328 

3. 1367 

7.5 

0.1295 

3.12 74 

7.1 

0.1213 

3. 1197 

6.7 

0.1122 

0.11 13 

6.3 

0.1036 

0.1036 

5,9 

0,0963 

3 . 09 52 

5.6 

0.0889 

• 0 . 0 FP 9 

5.3 

0,0846 

3.0823 

5.0 

0,0749 

0. 0757 

4.8 

0,0772 

0.0713 

4.5 

0,0662 

3.0647 

4.2 

0,0545 

3. "582 

4.0 

0,0572 

3.0539 
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temprkatmke 

absorption of sound 

=272.0 K RELATIVE 

IN AIR. 

HUMiniTv = 0.0 ' 

FPEO'JKNCY 

MEASURED ABS 

PREDICTED 

CKHZ5 

(DB/M) 

(DB/M) 

100, u 

1 .7388 

1 .54 09 

95,0 

1,5441 

1.39C8 

90.0 

1.3554 

I. 2483 

85.0 

1.2550 

1 . 1136 

80.0 

1,0570 

0.9865 

75.0 

1.1013 

9. 8672 

71.0 

0,8415 

0.7772 

67,0 

0,8171 

0,6922 

63,0 

0.6134 

0. 6121 

59.0 

0.6178 

0.5370 

56.0 

0,4727 

0.48 39 

53.0 

0.4892 

0.4335 

50,0 

0,3364 

0.3859 

48.0 

0.3870 

0.3557 

45.0 

0,2505 

0.3128 

42.0 

0,3211 

0.2726 

40.0 

0.2116 

0.24 73 

37.5 

0,2520 

0.2175 

35.4 

0,1837 

0. 1939 

33.4 

0.2129 

0.1727 

31.5 

0.1279 

0.1537 

29.7 

0.1495 

0.1367 

28,0 

0.1102 

0.1216 

26,5 

0.1251 

0.1090 

25.0 

0,0895 

0.0972 

24,0 

0,0965 

0.0896 

22.0 

0,0733 

O; 0754 

21,0 

0,0758 

0.0688 

20,0 

0,0567 

0.06 25 

19,0 

0,0610 

0.0565 

18,0. 

0,0474 

0.0500 

17,0 

0,0517 

0.0454 

16,0 

0,0371 

0.0403 

15,0 

0,0450 

0.0356 

14.0 

0,0332 

0.0311 

13.2 

0,0331 

0.0277 

12.5 

0.0258 

0.02 50 

11,8 

0.0249 

0.0223 

11.2 

0.0195 

0.0202 

10.6 

0.0232 

0.0182 

10.0 

0,0195 

0.0163 

9,5 

0,0225 

0.0148 

9.0 

0.0192 

0.0134 

8,5 

0,0174 

0.0120 

8,0 

0,0155 

0.0108 

7.5 

0.0124 

0.0096 

7.1 

0,0111 

0,0087 



FREQUENCY (kHz) 


ABSORPTION COEFFICIENT (db/m) 



absorption of sound 

IN AIR 

TCMPCRATURE 

•272,0 K REbATIVE 

HUMIDITY ■ 9.5 i 

frequency 

MEASURED AB8 

PREDICTED 

(KHZ) 

(OB/M) 


100.0 

1.4141 

1 . 5602 

95.0 

1.3074 

1.4101 

90.0 

1.1420 

1.2676 

85.0 

1.0242 

1. 1329 

80.0 

1.0074 

1.0058 

75.0 

0.7911 

0.8865 

71.0 

0.7041 

0, 7965 

67.0 

0.6026 

0.7115 

63.0 

0.5119 

0.6315 

59.0 

0.4468 

0.5563 

56.0 

0,4175 

0,5032 

45.0 

0.3427 

o'. 3321 

40.0 

0.2864 

0.2666 

37.5 

0.3160 

0.2368 

35.4 

0,2424 

0.2132 

33.4 

0.1808 

0.1920 

31. S 

0.1716 

0.1730 

29.7 

0,1838 

'). 1561 

28.0 

0.1407 

0,1410 

26.5 

0.1181 

0,1284 

25.0 

0,1158 

0.1165 

24.0 

0.1024 

0.1080 

22.0 

0.0900 

0.0948 

21. f. 

0.0805 

0.0881 

20.0 

0.0802 

0.0818 

19.0 

0,0598 

0.0758 

18.0 

0,0649 

0.C7CI 

17.0 

0..0679 

0.0647 

16.0 

0,0542 

0.0596 

15.0 

0,0532 

0.0548 

14.0 

0.0503 

0.0504 

13.2 

0.0449 

•7.04 70 

12.5 

0,0401 

0.C442 

11.8 

0,0389 

0.0416 

11.2 

0.0375 

0.7795 

10.6 

0.0363 

0. C375 

10,0 

0,0299 

0.0356 

9.5 

0,0283 

0.0341 

9,0 

0,0298 

0. C326 

B.5 

0,0286 

0.0313 

8.0 

0,0301 

0.0300 

7.5 

0,0262 

0.C288 

7,1 

0,0258 

0.0279 

6.7 

0.0236 

0.0270 

6.3 

0,0246 

0, C262 

5.9 

0,0225 

0.0254 

5.6 

0,0236 

0.0249 

5.3 

0,0215 

0;02'43 

5,0 

n,0207 

0,0238 

4.8 

0.0164 

0.0235 

4.2 

0.0238 

0,0226 

4.0 

0,0181 

0.0273 



FREQUENCY (kHz) 


ABSORPTION COEFFICIENT (db/m) 






tempekhtiike 

KBSORPTIOH nr SOUND 
*272,0 K REL4TIVE 

IN AIR 

HUHIPIIY = 19.7 1 

frequency 

MEASURED ABS 

predicted 

(KHZ) 

CDB/M) 

(OR/H) 

lon.o 

1 ,6515 

1.5960 

95.0 

1.4880 

1.4453 

90.0 

1.3182 

1 .3034 

95.0 

1,1891 

1.1666 

80.0 

1,0551 

1.C416 

75.0 

0,9486 

0.922? 

71.0 

0,8607 

0. 0323 

67.0 

0,7489 

0.7473 

6J.0 

0.6563 

0.6672 

59.0 

0,5301 

0. 5920 

56.0 

0.5300 

0.5559 

51.0 

0.4547 

0.4885 

50.0 

0.3745 

0.44C9 

48.0 

0.3801 

0.4107 

45.0 

0,3280 

0.3679 

43.0 

0.3010 

0.3276 

40.0 

0,3021 

0.3023 

37.5 

0.2827 

0.2724 

35.4 

0.2644 

0.2489 

33.4 

0.2328 

0.2275 

31 .5 

0.2232 

0.2086 

29.7 

0.2039 

0.1917 

28.0 

0,1838 

0.1765 

25.5 

0.1688 

0.1639 

25.0 

0.1596 

0.1520 

24.0 

0.1502 

0. 1444 

22.0 

0,1417 

0.1302 

21<0 

0.1240 

0. 1236 

20.0 

0.1234 

0.1172 

19.0 

0.1136 

0.1112 

18.0 

0,1099 

0.1054 

17.0 

0.1036 

O.IOCO 

16,0 

0,0971 

0.0949 

15.0 

0.0867 

0. 0900 

14.0 

0.0859 

0.0855 

13.2 

0,0796 

0.0820 

12.5 

0.0759 

0. 0792 

11.8 

0.0741 

0.0765 

11.2 

0,0772 

0.0742 

10,6 

0.0734 

0.0721 

10,0 

0,0646 

0.07 CO 

9.5 

0.0644 

0.0684 

9.0 

0.0657 

0. 0668 

8.5 

0,0624 

0.0653 

8.0 

0.0643 

0.0638 

7.5 

0,0626 

0.0623 

7,1 

0,0580 

0.0612 

6.7 

0.0598 

6.0600 

6.3 

0.0568 

0.0588 

5.9 

0,0531 

0,0577 

5.6 

0.0571 

0,0968 

5.3 

0.0530 

0.0558 

5.0 

0.0587 

0.0548 

8 

0.0538 

0.0542 

4.5 

0.0440 

0.0911 

4.2 

0.0549 

0.0510 

4.0 

0,0547 

0.0510 



ABSORPTION COEFFICIENT (db/m) 


TEMPERATURE 

absorption of sound 

S272.0 K RELATIVE 

IN AIR 

HUMIDITI s 29.5 

frequenct 

MEASURED ABS 

PREDICTED 

(KHZ3 

(DB/N) 

IDB/Ml) 

100,0 

1,7100 

1.64C6 

9S.0 

1.5335 

1.4SC9 

90.0 

1.3625 

1.3479 

85.0 

1.2361 

1.2132 

80,0 

1.1001 

1.S861 

75,0 

1.0114 

0.9667 

71,0 

0,9139 

0.8769 

67,0 

0.8166 

0.7918 

63.0 

0.7097 

0.-7117 

59.0 

0.5935 

0.6365 

56.0 

0.5718 

0. 5833 

53.0 

0.5132 

0. 5329 

50.0 

0.4233 

0.4853 

48.0 

0.4208 

0.4551 

45,0 

0,3732 

0.4121 

42.0 

0.343b 

0.3718 

40,0 

0.3442 

0.3465 

37,5 

0.2977 

0.3166 

35.4 

0,3176 

0.2930 

33.4 

0.2693 

0.2717 

31 ,5 

0.2526 

0. 2526 

29.7 

0.2431 

0,2356 

28.0 

0.2035 

0.22C4 

26.5 

0.1876 

0. 2076 

25,0 

0,1782 

0.1956 

24.0 

0.1733 

0.1880 

22.0 

0,1568 

0. 1735 

21.0 

0.1536 

0.1668 

20,0 

0,1523 

0. 16C3 

19.0 

0.1501 

0. 1541 

18,0 

0.1335 

0.1481 

17.0 

0,1328 

0.1424 

16,0 

0.1252 

0. 1370 

15,0 

0.1209 

0.1319 

14.0 

0,1204 

0. 1269 

13.2 

0.1100 

0. 1231 

12.5 

0.1035 

0.1198 

11.8 

0,1041 

0. 1167 

11.2 

0.1032 

0. 1140 

10.6 

0,1001 

0.1113 

10,0 

0.0908 

0. 1C87 

9.5 

0,0907 

0. 1064 

9.0 

0.0954 

0.1042 

8.5 

0.0918 

0. 1C18 

8.0 

0.0936 

0. 0994 

7.5 

0,0876 

0.0969 

7.1 

0.0853 

0. 0948 

6.7 

0.0841 

0. 0925 

6.3 

0,0826 

0.09 00 

5.9 

0.0776 

0. C874 

5.6 

0,0792 

0. 0852 

5,3 

0,0761 

0.0829 

5.0 

0.0752 

0. 0803 

4.8 

0.0736 

0. 0765 

4.5 

0.0683 

0.0755 

4,2 

0,0727 

0.0723 

4.0 

0.0668 

0,0699 



FREQUENCY (kHz) 


ABSORPTION COEFFICIENT (db/m) 



TEMPEIHATURE 

ABSORPTION OF SOUND 
*272,0 R relative 

IN AIR 

HUMIDITY » 40.4 ! 

frequency 

MEASURED ABS 

PREDICTED 

(KHZ) 

(DB/M) 

(DB/M) 

100.0 

1 .6602 

1 .6985 

<(5.0 

1.6050 

1.5483 

90.0 

1.3297 

1.4059 

85.0 

1,3203 

1.2711 

80.0 

1.0791 

1.1439 

75.0 

1,0835 

1.C245 

71.0 

0,9026 

0.9345 

67.0 

0.8810 

0.8494 

63.0 

0.7039 

0. 7693 

59.0 

0.6863 

0.6940 

56.0 

0,5704 

0. 6408 

53.0 

0,5701 

0. 59C3 

50.0 

0,4186 

0.5426 

48.0 

0.4887 

0. 5123 

45^0 

0,3702 

0.4691 

42.0 

0.4088 

0.4287 

40.0 

0.3362 

0.4033 

37.5 

0,4367 

0. 3732 

35.4 

0,3786 

0.3494 

33.4 

0,3163 

0.32 79 

31 .5 

0,3180 

0.3085 

29.7 

0,3066 

0.2912 

28.0 

0,2646 

0.2757 

26.5 

0,2475 

0. 2626 

25.0 

0,2345 

0.2502 

24.0 

0,2309 

0.2423 

22.0 

0,2129 

0.2271 

21.0 

0,2005 

0.2199 

20.0 

0.1986 

9.213C 

19.0 

0,1861 

0. 2062 

18.0 

0,1870 

0.1996 

17.0 

0,1735 

0.1032 

16.0 

0,1705 

0. 1869 

15.0 

0.1665 

0. 1807 

14.0 

0,1584 

0.1745 

13.2 

0.1561 

0. 1695 

12.5 

0.1519 

0.1651 

11.8 

0.1442 

0.1606 

11 .2 

0,1438 

0.1566 

10.6 

0.1410 

0.1524 

10,0 

0,1401 

0.1481 

9.5 

0.1251 

0. 1443 

9.0 

0.1301 

0.1402 

8.5 

0,1252 

0.1359 

8,0 

0.1238 

0.13.13 

7,5 

0.1191 

0.1263 

7,1 

0,1167 

0. 1220 

6,7 

0.1074 

0. 1173 

6.3 

0,1090 

0.1123 

5,9 

0,0997 

0.1068 

5,6 

0.0974 

0. 1024 

5,3 

0,0931 

0.0977 

5,0 

0.0883 

0.0927 

4.8 

0,0138 

0. 0892 

4,5 

0.09SS 

0.0837 

4.2 

0.0799 

0.0778 

4.0 

0,0725 

0.0738 



ABSORPTION COEFFICIENT (db/m) 


temperature 

absorption of sound 

*272.0 K RELATIVE 

IN AIR 

HUMIDITY ■ 47.9 

rREOUENCY 

measured ABS 

PREDICTED 

(KHZ) 

(DB/M) 

lOB/M) 

ioo;o 

1.7923 

1.7422 

9S.0 

1.6238 

1.5920 

90.0 

1.4372 

1.4495 

85.0 

1.3186 

1.3146 

80.0 

1.1822 

1.1875 

75.0 

1.0870 

1.0680 

71.0 

1.0048 

0.9779 

67.0 

0.8890 

0.8927 

63.0 

0.7932 

0.8125 

59,0 

0.6713 

0.7371 

56,0 

0.6413 

0.6837 

53,0 

0.5766 

0.6332 

50.0 

0.5043 

0.5853 

48,0 

0.5028 

0.5549 

45,0 

0.4522 

0.5115 

42,0 

0.4227 

0.47C9 

40.0 

0.4193 

0.44 53 

37,5 

0.3768 

0.4l.»9 

35,4 

0.3802 

0. 39C9 

33.4 

0.3720 

0.3690 

31.5 

0.3514 

0.3493 

29.7 

0.3447 

0.3315 

28.0 

0,3230 

0.3156 

26,5 

0.2972 

0.3021 

28,0 

0.2836 

0.2892 

24.0 

0,2805 

0.28C8 

22,0 

0,2567 

0.2648 

21.0 

0,2500 

0.2570 

20,0 

0,2466 

0.2494 

19,0 

0,2301 

0.2419 

18.0 

0,2250 

0.2344 

17,0 

0.2269 

0.2271 

16.0 

0.2154 

0.2196 

15.0 

0,2011 

0.2121 

14,0 

0.2038 

0.2045 

13.2 

0.1925 

0.1981 

12.5 

0.1880 

0. 1923 

11.8 

0,1770 

0.1862 

11.2 

0,1759 

0.1808 

10.6 

0.1719 

0. 1750 

10,0 

0.1609 

0.1689 

9.5 

0,1523 

0.1635 

9.0 

0,1526 

0.1577 

8.5 

0.1470 

0.1515 

8.0 

0.1440 

0.1449 

7.5 

0.1351 

0.1378 

7,1 

0,1271 

0.1317 

6.7 

0.1200 

0.1252 

6.3 

0,1156 

0.1183 

5.9 

0.1090 

0.11C9 

5,6 

0.1033 

0.1051 

5.3 

0.0966 

0. C59C 

5,0 

0,0906 

0.C927 

4.8 

0.0782 

0.0884 

4,5 

0.0762 

0,0817 

4.2 

0,0776 

0,0748 

4.0 

0,0677 

0.0701 



ABSORPTION COEFFICIENT (db/m) 



tkmpfrature 

ABSORPTION OF SOUND 
*272,0 K RELATIVE 

IN AIR 

HUMIDITY * 60. 0 ! 

FREQUENCY 

MEASURED ABS 

PREDICTED 

CKHZ) 

(DB/M) 

(DB/M) 

loo.o 

1,8967 

1. 8175 

95,0 

1.7366 

1.6671 

90.0 

1,5668 

1.5245 

RS.O 

1.4540 

1 .3895 

80.0 

1,3212 

1.2621 

75.0 

1.2352 

1. 1424 

71.0 

1.1501 

1.0521 

67.0 

1.0385 

0.9667 

63.0 

0,9479 

0. 8862 

59.0 

0.8371 

0.8104 

56.0 

0,8172 

0.7568 

53.0 

0.7317 

0. 7C58 

50.0 

0.6408 

0.6575 

48.0 

0.6405 

0.6268 

45.0 

0.5868 

0. 5828 

42.0 

0.5487 

0.5415 

40.0 

0.5384 

0.5153 

37.5 

0,5454 

0.4841 

35.4 

0,5184 

0.4592 

33.4 

0.4558 

0.4365 

31.5 

0.4388 

0.4158 

29.7 

0.4183 

0.3969 

28,0 

0.3765 

0.3797 

26.5 

0,3504 

0.3650 

25.0 

0,3337 

0.3506 

24.0 

0,3322 

0.34U 

22.0 

0,3144 

0.3225 

21.0 

0,2987 

0.3132 

20.0 

0,2881 

0.3038 

19.0 

0.2767 

0.2944 

18.0 

0.2728 

0.2849 

17.0 

0,2707 

0.2750 

16,0 

0.2443 

0.2649 

15.0 

0,2396 

0.2543 

14,0 

0,2381 

0.2431 

13,2 

0.2219 

0.2337 

12.5 

0,2144 

0.2249 

11.8 

0,2070 

0.2156 

11.2 

0,2038 

0.2072 

10.6 

0,1907 

0.1983 

10,0 

0,1807 

0.1889 

9.5 

0.1783 

0. 18C6 

9.0 

0,1678 

0.1719 

8.5 

0.1606 

0.1627 

8.0 

0,1516 

0. 1530 

7.5 

0,1383 

0.1428 

7.1 

0,1312 

0.1343 

6.7 

0.1223 

0. 1255 

6.3 

0.1151 

0.1164 

5.9 

0,1063 

0.1071 

5.6 

0.1004 

0.0999 

5.3 

0 , 091-4 

0.0927 

5,0 

0,0854 

0.0853 

4.8 

0.0722 

0.08C4 

4.5 

0,0689 

0.0730 

4.2 

0,0682 

0.0657 

4.0 

0.0611 

0.0609 




ABSORPTION COEFFICIENT (db/m) 





TEMPERATURE 

absorption or sound 

■272,0 K RELATIVE 

IN AIR 

humidity ■ 67,6 ' 

FREOUENCY 

MEASURED ABS 

PREDICTED 

(KHZ) 

(DB/M) 

(DB/M) 

100,0 

1.9513 

i.a“569 

95.0 

1.7702 

1.7165 

90.0 

1,5875 

1.5737 

85,0 

1.4774 

1.43E5 

80,0 

1,3619 

1.3110 

75,0 

1.2662 

1.1911 

71,0 

1,1884 

1.1CC6 

67,0 

1 ,0708 

i.olio 

63,0 

0.9385 

0.9340 

59.0 

0,8177 

0.8579 

56.0 

0,7740 

0. 8040 

53.0 

0.7043 

0.75'26 

50,0 

0,6341 

0.7039 

48.0 

0,6358 

0.6728 

45,0 

0.5978 

0.6283 

42,0 

0,5525 

0.5862 

40,0 

0,5771 

0. 5555 

37.5 

0,5800 

0.5275 

35,4 

0,5527 

0.5C17 

33.4 

0.4828 

0.4782 

31.5 

0,4843 

0.4565 

20,7 

0,4809 

0.4366 

28.0 

0.4161 

0.4182 

26.5 

0,3893 

0.4022 

25.0 

0,3776 

0.3865 

24.0 

0,3601 

0. 3760 

22.0 

0,3474 

0.3550 

21.0 

0,3379 

0.3443 

20,0 

0,3270 

0. 3335 

19,0 

0,3163 

0.3225 

t«.o 

0,3060 

0.3111 

17,0 

0,2962 

0.2993 

16.0, 

0,2801 

0.2869 

15.0 

0,2745 

0.2740 

14,0 

0,2661 

0. 26C2 

13.2 

0.2419 

0.2485 

12,5 

0,2307 

0.2376 

11.2 

0,2120 

0.2159 

10.6 

0.2057 

0.2051 

10,0 

0.1910 

0. 1937 

9.5 

0.1718 

0.1838 

9.0 

0,1693 

0.1735 

8.5 

0.1591 

0. 1627 

8.0 

0.1542 

0.1516 

7.5 

0.1394 

0. 1401 

7.1 

0.1276 

0. 13C7 

6.7 

0.1192 

0.1211 

6.3 

0,1076 

0.1113 

5.9 

0.0968 

0. 1014 

5.6 

0.0941 

0.0940 

5.3 

0,0860 

0.0865 

5.0 

0,0816 

0. 0791 

4.8 

0,0798 

0.0742 

4.5 

0.0662 

O.C669 

4.2 

0,0612 

0.0598 

4.0 

0.0527 

0.0551 



ABSORPTION COEFFICIENT (db/m) 



TEMPERATURE 

absorption of sound 

■272.0 K RELATIVE 

IN AIR 

HUMIDITY s 79.2 ' 

FREQUENCY 

MEASURED ABS 

PREDICTED 

(KHZ) 

(DB/H) 

(DB/M) 

lOO.O 

1 ,9487 

1.9447 

95,0 

1.7567 

1.7940 

90.0 

1 .5859 

1.6509 

RS.O 

1.4676 

1.5153 

80.0 

1,3441 

1.3874 

75.0 

1.2494 

1.2669 

71.0 

1.2058 

1.1759 

67.0 

1.1215 

1 .0897 

63,0 

1,0459 

1.0C81 

59,0 

0.9375 

0.9312 

56.0 

0.9313 

0.8765 

53.0 

0.8488 

0. 8243 

50,0 

0,7752 

O.T745 

48,0 

0,8306 

0.7427 

45,0 

0,7296 

0.6969 

42,0 

0,7746 

0.6532 

40.0 

0.6710 

0.6253 

37.5 

0,6377 

0.5915 

35.4 

0,5963 

0.5640 

33,4 

0.5445 

0.5386 

31,5 

0.5387 

0.5148 

29.7 

0.5244 

0.4926 

28.0 

0.4954 

0.4718 

26,5 

0.4672 

0.4535 

25,0 

0,4318 

0.4350 

24.0 

0.4023 

0.4225 

22.0 

0.3804 

0.3‘969 

21.0 

0.3645 

0.3837 

20.0 

0.3616 

0.3702 

10.0 

0,3378 

0.3561 

18,0 

0,3247 

0.3415 

17.0 

0.3166 

0.3263 

16.0 

0,2972 

0.31C3 

15.0 

0,2841 

0.2935 

14.0 

0,2708 

0.2756 

13.2 

0.2543 

0.26C6 

12.5 

0.2390 

0.2468 

11,8 

0,2258 

0.2324 

11.2 

0,2203 

0.2196 

10,6 

0,2039 

0.2064 

10,0 

0,1875 

0.1927 

9.5 

0,1777 

0.1810 

9.0 

0,1720 

0.1690 

8.5 

0,1564 

0.1568 

8,0 

0,1424 

0.1443 

7,5 

0,1314 

0.1318 

7,1 

0.1214 

0.1217 

6.7 

0.1107 

0. 1116 

6.3 

0.1020 

0.1015 

5.9 

0.0923 

0.0916 

5.6 

0.0824 

0.0842 

5.3 

0,0-768 

0.0769 

5.0 

0,0777 

0.0698 

4.8 

0,0633 

0.0652 

4.S 

0,0599 

0.0S»3 

4.2 

0,0552 

0.05i> 

4,0 

0.0508 

0.a».T5 





ABSORPTION COEFFICIENT (db/m) 





tehperature 

ABSORPTION OF SOUND 
>272,0 K RELATIVE 

IN AIR 

humidity « 92.9 i 

FREQUENCY 

MEASURED ABS 

PREDICTED 

(KHZ) 

(DB/H) 

(OIL/N) 

100,0 

2.1824 

2.03S7 

95.0 

1.9849 

1.BS74 

90,0 

1.8073 

1 . 74S7 

85.0 

1.7007 

i.«(i5 

80,0 

1,5565 


75.0 

1,4715 

1.3573 

71,0 

1.3952 

l.®654 

67.0 

1.2532 

1.1781 

63.0 

1,1394 

1.0953 

59,0 

1,0137 

1.0168 

56,0 

0.9768 

0.96C8 

53.0 

0,8961 

0.9071 

50.0 

0.8239 

0.R556 

48,0 

0.8200 

0.8224 

45,0 

0.7480 

0.7743 

42.0 

0.7237 

0. 72 80 

40,0 

0,7144 

0.6980 

37,5 

0,7184 

0 .66 12 

35.4 

0.6931 

0.63C9 

33,4 

0,6246 

0.6C23 

31,5 

0,6014 

0.5753 

29,7 

0,5845 

0.5496 

28.0 

0,5456 

0.5250 

26.5 

0.5151 

0.5030 

25.0 

0,4750 

0.4805 

24.0 

0.4766 

0.4651 

22,0 

0.4354 

0.4332 

21,0 

0.4^28 

0.4166 

20,0 

0,3865 

0.3994 

19.0 

0,3679 

0.3815 

18,0 

0.3571 

0.3630 

17.0 

0.3386 

0.3437 

16.0 

0.3157 

0.3235 

15,0 

0.2985 

0.3025 

14,0 

0.2833 

0.-28C5 

13.2 

0,2572 

0.2623 

12.5 

0.2429 

0.2458 

11,8 

0,2259 

0.2289 

11.2 

0,2146 

0.2141 

10.6 

0,1976 

0. 1991 

. 10.0 

0,1767 

0. 1839 

9.5 

0,1577 

0.1711 

9.0 

0.1568 

0.1562 

8.5 

0.1418 

0.1453 

8.0 

0,1321 

0.1324 

7.5 

0,1163 

0.1197 

7.1 

0.1053 

0.1096 

. 6.7 

0.0962 

0.0997 

6,3 

0.0878 

0. C9C0 

- 5.9 

0,0772 

0.Q8C5 

5,6 

0,0729 

0.0736 

5.3 

0.0640 

0.0669 

- 5,0 

0,0644 

0.06G4 

4.8 

0.0589 

0,0562 

4.5 

0.0483 

0.05 CO 

4.2 

0.0454 

0.0442 

4.0 

0,0383 

0.0404 



ABSORPTION COEFFICIENT (db/m) 




ABSORPTION OF SOUND 

IN AIR 

temperature 

■277,6 K RELATIVE 

HUMIDITY a 0,0 i 

frequency 

MEASURED ABS 

PREDICTED 

(KHZ) 

(DB/H) 

(DB/H) 

100,0 

1.6640 

1.5567 

95,0 

1,5784 

1. 4050 

90,0 

1.3327 

1.2611 

85,0 

1.2695 

1.1250 

80,0 

1,0534 

0. 9966 

75,0 

1.0094 

0.3761 

71,0 

0,8470 

0, 7852 

67,0 

0,6772 

0.6994 

63.0 

0,6518 

0.6185 

59.0 

0,5944 

0. 5425 

56,0 

0,5010 

0.4889 

53,0 

0.4940 

0.4380 

50,0 

0.3761 

0.3899 

48,0 

0.4Q62 

0. 3594 

45.0 

0.3035 

0.3160 

42.0 

0.3166 

0.2754 

40.0 

0,2435 

0.2499 

37.5 

0r2697 

0.2198 

35.4 

0,1874 

0. 1960 

33.4 

0.1758 

0. 1746 

31,5 

0.1468 

0.1554 

29.7 

0.1363 

0. 1382 

28.0 

0,1068 

0. 1230 

26^.5 

0.1067 

0.1103 

25.0 

0.0920 

0.09 82 

24.0 

0,0946 

0.0906 

22,0 

0,0734 

0.0763 

21.0 

0,0722 

0.0696 

20.0 

0,0596 

0.0632 

19.0 

0.0591 

0.0572 

18,0 

0,0463 

0.0514 

17,0 

0,0485 

0.0460 

16.0 

0,0357 

0.0408 

15.0 

0.0418 

0.0360 

14,0 

0.0281 

0. 0315 

13.2 

0.0271 

0.0281 

12.5 

0,0209 

0.0253 

11.8 

0,0243 

0.0227 

11.2 

0,0186 

0.0205 

10.6 

0.0194 

0.0185 

10,0 

0.0152 

0.0166 

9.5 

0.0231 

0.Q15I 

9,0 

0,0159 

0.0136 

8.5 

0.0159 

0.0123 

8.0 

0.0137 

0.0110 

7.5 

0.0139 

0.00 98 

7.1 

0.0106 

0.0089 

6.7 

0.0115 

0.0080 

6.3 

0.0069 

0.0072 

5.9 

0.0086 

0.0064 



ABSORPTION COEFFICIENT (db/m) 


temperature 

ABSORPTION OF SOUND 
«277.6 K REI.AIIVE 

IN AIR 

humidity • 9,< 

frequency 

MEASURED ABS 

PREDICTI 

(KHZ) 

(DB/M) 

(OB/Ml 

100,0 

1.8038 

1.5942 

93,0 

1.5190 

1, 4426 

90.0 

1,3409 

1.2987 

85.0 

1.21,55 

1.1625 

80.0 

1,0934 

1.0342 

75,0 

0.9027 

0.9136 

71,0 

0.9094 

0.8228 

67,0 

0,8098 

0. 7369 

63.0 

0,6987 

0. 6560 

59,0 

0,5974 

0.5801 

56.0 

0,5442 

0. 5264 

53,0 

0,5485 

0.4755 

50,0 

0.4214 

0.4275 

48,0 

0.4587 

0.3970 

45,0 

0.4090 

0.3536 

42,0 

0,3379 

0.3130 

40,0 

0.3033 

0.2875 

37.5 

0,2987 

0.2573 

35.4 

0,2734 

0.2335 

33.4 

0.2209 

0.2121 

31.5 

0.1910 

0. 1929 

29,7 

0,1782 

0.1758 

28.0 

0,1641 

0,1605 

26,5 

0,1472 

0. 1478 

25,0 

0,1349 

0.1357 

24.0 

0,1227 

0.1281 

22,0 

0,1137 

0. 1138 

21,0 

0,1047 

0.1071 

20,0 

0,1000 

0.1CC7 

19,0 

0,0963 

0. 0946 

18,0 

0.0835 

0.0889 

17.0 

0,0850 

0. 0834 

16,0 

0.0774 

0. 0783 

15,0 

0,0752 

0.0734 

14,0 

0,0679 

0. 06 89 

13,2 

0.0651 

0. 0655 

12,5 

0.0613 

0.0627 

11.8 

0.0579 

0. 0600 

11.2 

0.0583 

0. 0578 

10.6 

0,0564 

0.0557 

10.0 

0,0496 

0.0538 

9,5 

0.0501 

0,0522 

9.0 

0,0505 

0,0507 

8,5 

0,0492 

0,0493 

8,0 

0.0494 

0,0480 

7.5 

0,0476 

0.0467 

7,1 

0,0455 

0,0457 

6,7 

0,0426 

0,0448 

6,3 

0,0431 

0,0439 

5.9 

0,0403 

0,0430 

5.6 

0,0411 

0,0424 

5.3 

0,0412 

0.0417 

5.0 

0.0364 

0,0411 

4.8 

0,0422 

0.0407 

4,5 

0.0294 

0.0401 

4.2 

0.0445 

0.0394 

4.0 

0.0356 

0.0390 



ABSORPTION COEFFICIENT (ab/m) 



TKWpERATURE 

absorption of sound 

K277.6 K RELATIVE 

IN AIR 

HUMIDITY « 20.0 ! 

FREQUENCY 

measured ABS 

PREDICTED 

(KHZ) 

(06/M) 

(DB/M) 

lOO.O 

2.1944 

1 .67C0 

9S.0 

1.9806 

1 . 51 83 

90.0 

1 ,7946 

1.3746 

85.0 

1.6201 

1.2382 

80.0 

1.2564 

1.1099 

75.0 

1,4089 

C. 9893 

71.0 

1,3353 

0.0984 

67,0 

1.2023 

0.8125 

63.0 

1.0154 

0.7316 

59.0 

0,8768 

0.6557 

56,0 

0,8098 

0.6020 

53.0 

0.7514 

0.5511 

50,0 

0,6610 

0.5030 

48.0 

0,5990 

0.4724 

45,0 

0.5311 

0.42 90 

42.0 

0.4960 

0.3885 

40.0 

0.4081 

0.36 27 

37.5 

0.4030 

0.3325 

35.4 

0.3686 

0.3086 

33.4 

0,3138 

0.2871 

31.5 

0.2903 

0.2678 

29.7 

0,2675 

0.25C6 

28,0 

0.2429 

0.2352 

26.5 

0,2250 

0.2223 

25.0 

0.2214 

0.2102 

24,0 

0.2084 

0.7024 

22.0 

0,1989 

0.1878 

21.0 

0.1932 

0.18C9 

20,0 

0.1838 

0.1744 

19.0 

0,1806 

0.1681 

18,0 

0.1662 

0. 1620 

17.0 

0.1611 

0.1562 

16.0 

0.1561 

0.15C7 

15.0 

0,1552 

0.1454 

14.0 

0.1420 

0.1403 

13.2 

0.1437 

0. 1364 

12.5 

0.1386 

0.1331 

11.8 

0,1330 

0.1298 

11.2 

0.1321 

0. 1270 

10.6 

0,1302 

0.1242 

10,0 

0.1234 

0.1214 

9.5 

0,1209 

0.1190 

9.0 

0.1211 

0.1166 

8,5 

0,1213 

0.1141 

8.0 

0,1172 

0. 1115 

7,5 

0.1121 

0.1087 

7.1 

0,1123 

0.1064 

6.7 

0.1064 

0.1039 

6.3 

0.1035 

0.1012 

5,9 

0.1014 

0.0982 

5.6 

0,0993 

0.0958 

5.3 

0.0957 

0.0931 

5.0 

0.0914 

0.0903 

4.8 

0.0882 

0. 0882 

4,5 

0.0856 

0.0849 

4.2 

0.0886 

0.0811 

4.0 

0.0781 

0.0784 




ABSORPTION COEFFICIENT (db/m) 


p 


temperature 

ABSORPTION or SOUND 
a277.6 K RELATIVE 

IN AIR 

HUMIDITT • 30,: 

PREQUEMCT 

MEASURED ABS 

PREDICTI 

(KHZ) 

(DB/M) 

(DS/H) 

100.0 

1.3556 

1.7629 

95.0 

1.1134 

1.611^ 

90.0 

0.9856 

1.96U 

85.0 

0.9074 

1-. 33 lb 

80.0 

0.8693 

1,2026 

75.0 

0.7564 

Ubai9 

71.0 

0.6988 

0. 99 C9 

67.0 

0.6316 

0.9049 

63.0 

0.5463 

0.8239 

59.0 

0.5739 

0. 7477 

56.0 

0.5396 

0.6939 

53.0 

0.5032 

0.6428 

50.0 

0.4392 

0. 5945 

48.0 

0.4380 

0.5638 

45.0 

0.3939 

0.5201 

42.0 

0.3889 

0.4791 

40.0 

0.4230 

0.4523 

37.5 

0.4847 

0.4227 

35.4 

0.4311 

0.3984 

33.4 

0.3756 

0.3765 

31.5 

0.3637 

0.3567 

29.7 

0.3437 

0. 3389 

38.0 

0.3333 

0.3229 

26.5 

0.2993 

0.3094 

25.0 

0.3906 

0.2965 

24.0 

0.2791 

0.2892 

23.0 

0.3693 

0.2722 

21.0 

0.2588 

0.2645 

20.0 

0.2521 

0.2570 

19.0 

0.2503 

0.2496 

18.0 

0.3346 

0.2423 

17.0 

0.2348 

0.2351 

16.0 

0,2333 

0.2279 

15.0 

0.2133 

0. 22C7 

14.0 

0,2108 

0.2133 

13.2 

0,2015 

0.2072 

12.5 

0.1994 

0. 2C17 

11.8 

0,1903 

0.1959 

11.2 

0,1874 

1.1907 

10.6 

0,1783 

0.1852 

vo.o 

0,1752 

0.1794 

9.5 

0.1679 

0.1742 

9.0 

0.1655 

0. 1687 

8.5 

0,1579 

0. 1628 

8.0 

0,1522 

0.1564 

T.5 

0,1447 

0. 1495 

7.1 

0.1417 

0.1435 

6.7 

0,1'336 

0.1371 

6.3 

0,1253 

0. 13C2 

5.9 

0.1193 

0. 1229. 

5.6 

0.1138 

0.1170 

5.3 

0.1066 

0. UC9 

5.0 

0.1012 

0.1043 

4.8 

0.1000 

0.0997 

4.5 

0.0896 

0.C927 

4.3 

0,0890 

0.08 54 

4.0 

0,0772 

0.0803 



ABSORPTION COEFFICIENT (db/m) 



TEMPEKAIDHE" 

ABSORPITUN OK SOUNO 
=277,6 K relative 

18 AIR 

HUMIDITY * 40.4 

FHEO'IfcNCY 

MEASURED ABS 

PREDICTEI 

CKHZ) 

(DB/MJ 

CDJB/M) 

100.0 

1.9168 

1.367° 

95.0 

1.7400 

1.7160 

90.0 

1,5742 

1.5719 

85. 0 

1 ,4359 

1.43 5° 

80.0 

1.2339 

1. 306B 

75.0 

1.1859 

1.1858 

71.0 

1.1347 

1.0946 

67.0 

1.0271 

1.0083 

63.0 

0.9304 

0.9268 

59.0 

0.8060 

0. 8°02 

56.0 

0.7421 

0. 7960 

53.0 

0.6991 

0.7444 

50.0 

0.6057 

0. 69 56 

98.0 

0.6028 

0. 6644 

45,0 

0.5463 

0.6199 

42.0 

0.5208 

0. 5780 

40.0 

0.4727 

0. °515 

37,5 

0.4708 

0.5198 

35.4 

0.4638 

0.4944 

33.4 

0.4946 

0. 4713 

31.5 

0.4612 

0.4502 

29.7 

0.4391 

0.4309 

28.0 

0.4104 

0.4133 

26.5 

0.3774 

0.3982 

25,0 

0.3715 

0.3833 

24.0 

0.3569 

0. 3735 

22,0 

0.3479 

0.3541 

21.0 

0.3370 

0.3444 

20,0 

0.3214 

0. 3346 

19,0 

0.3173 

0.3247 

18. 0 

0.3002 

0.3145 

l7,0 

0,2950 

0.3041 

16.0 

0,2844 

0.2932 

15.0 

0,2709 

0.2818 

14.0 

0.2652 

0. 2698 

13.2 

0,2495 

0.2595 

12.5 

0.2462 

0.2499 

11.8 

0,2365 

0. 2398 

11.2 

0.2242 

0.2305 

10.6 

0,2140 

0.2207 

10.0 

0,2055 

0. 21C3 

9.5 

0,1971 

0.2011 

9.0 

0.1860 

0. 1914 

8.5 

0.1767 

0. 1812 

8.0 

0,1675 

0.1705 

7.5 

0.1SS3 

0.1591 

7.1 

0.1449 

0. 1497 

6.7 

0,1368 

0.1399 

6.3 

0,1271 

0.1298 

5.9 

0,1178 

0. 1194 

5,6 

0,1113 

0.1114 

5.3 

0,1029 

0. 1033 

5.0 

0.0952 

0. 0952 

4.8 

0.09SS 

0.0897 

4.5 

0.0822 

0.0815 

4.2 

0,0789 

0.0733' 

4.0 

0.0682 

0.0679 



ABSORPTION COEFFICIENT (db/m) 



temperature 

ABSORPTION OF SOUND 
■277.6 K RELATIVE 

IN AIR 

HUMIDITI « 50.3 ! 

FREOUENCy 

MEASURED AB8 

PREDICTED 

tKHZ) 

(DB/M) 

(DB/M) 

100.0 

2.0338 

1.9768 

95,0 

1.8224 

1.8247 

90,0 

1.7045 

1.6802 . 

85.0 

1.5085 

1 .5433 

90,0 

1.4168 

1.4142 

75,0 

1.2824 

1. 2926 

71,0 

1.2144 

1.20CB 

67.0 

1,1064 

1.1138 

63,0 

1.0105 

l.C3i6 

59,0 

0.8849 

0.9541 

56. 0 

0.8300 

0.8990 

53.0 

0.7855 

0. 8465 

50.0 

0.7098 

0.7964 

48,0 

0.6949 

0.7645 

45.0 

0.6411 

0.7185 

42.0 

0.6162 

0.6747 

40,0 

0.5977 

0.6468 

37.5 

0.6679 

0,6130 

35.4 

0,6290 

0.5857 

33.4 

0,5752 

0.5603 

31.5 

0,5537 

0. 5368 

29.7 

0.5239 

0.5140 

28.0 

0,5047 

0.4943 

26.5 

0.4709 

0.4762- 

25,0 

0.4537 

0.4580 

24.0 

0,4361 

0.4457 

22.0 

0,4074 

0.42C7 

21.0 

0.3982 

0.4077 

20.0 

0,3806 

0.3944 

19.0 

0,3708 

0. 38C6 

18.0 

0.3458 

0.3663 

17.0 

0.3435 

0.3513 

16.0 

0.3270 

0. 3355 

15.0 

0.3085 

0.3187 

14.0 

0,2960 

0.3008 

13.2 

0.2791 

0.2857 

12.5 

0,2689 

0.2717 

11.8 

0,2513 

0.2570 

11.2 

0.2395 

0.2439 

10.6 

0.2262 

0.2301 

10,0 

0.2105 

0.2158 

9,5 

0,1938 

0.2035 

9.0 

0.1871 

0.1908 

8.5 

0,1749 

0.1777 

8,0 

0.1632 

0. 1644 

7.5 

0,1449 

0. 1508 

7.1 

0.1377 

0.1397 

6.7 

0.1259 

0. 1286 

6.3 

0,1156 

0.1174 

5.9 

0,1058 

0.1063 

5.6 

0,0969 

0. C980 

5.3 

0.0888 

0.0898 

5.0 

0.0818 

0.0817 

4.. 8 

0.0781 

0.0764 

4.5 

0,0697 

0.0685 

4,2 

0.0682 

0.0609 

4.0 

0.0556 

O.C560 



ABSORPTION COEFFICIENT (db/m) 


TEMpFKAIimK 

ABSORPirOn OF SOUND 
=277.6 K relative 

IN AIR 

HUMinITI = 60,3 : 

FREQUEMCV 

MEASURED ABS 

predicted 

(KHZ) 

(DB/M) 

(DB/M) 

100,0 

2.1002 

2.0907 

95.0 

1,8857 

1 .9330 

90.0 

1,7376 

1.7929 

05.0 

1,6036 

1.6553 

« 0.0 

1.4862 

1.5253 

75,0 

1 .3489 

1.4027 

71.0 

1,2624 

1.3C99 

67.0 

1.1618 

1.2217 

63.0 

1.0662 

1. 1381 

59.0 

0.9591 

1.0590 

56,0 

0,9136 

1.0025 

53.0 

0.8668 

0.9483 

50.0 

0,7797 

0. 8963 

46.0 

0.7693 

0.8629 

45.0 

0.7071 

0.8144 

42.0 

0,6942 

0.7677 

40,0 

0.6816 

0.7374 

37.5 

0,6787 

0. 7004 

35.4 

0,6620 

0.6698 

33.4 

0,6611 

0.6410 

31.5 

0,6244 

0.6137 

29.7 

0,5921 

0.5878 

28,0 

0,5675 

0.5629 

26. S 

0,5320 

0. 5406 

25,0 

0,5058 

0.5178 

24.0 

0,4863 

0.5022 

22.0 

0,4593 

0.4697 

21.0 

0.4448 

0.4526 

20,0 

0.4127 

0.4350 

19,0 

0.4024 

3.4165 

18.0 

0,3780 

0.3975 

17,0 

0.3725 

0.3774 

16.0 

0.3472 

0.3564 

15.0 

0,3297 

0.3343 

14.0 

0.3092 

0.3111 

13.2 

0,2827 

0.2917 

12.5 

0.2778 

0.2742 

11." 

0,2548 

0.2561 

11.2 

0.2382 

0.2401 

10.6 

0.2234 

0.2238 

10.0 

0.2013 

0.2072 

9,5 

0.1960 

0.1932 

9.0 

0.1763 

0.1791 

8,5 

0,1670 

0.1649 

8.0 

0.1508 

0.1506 

7.5 

0.1373 

0. 1364 

7.1 

0.1276 

0.12*2 

6.7 

0.1143 

0.1141 

6.3 

0,1046 

0. 1032 

5,9 

0,0940 

0.0925 

5.6 

0.0847 

0.0646 

5.3 

0.0773 

0.0770 

5.0 

0.0710 

0.0696 

4.8 

0,0748 

0.0648 

4.5 

0,0603 

0.0578 

4.2 

0,0594 

0.0511 

4.0 

0,0524 

0.0467 



ABSORPTION COEFFICIENT (db/m) 


TEHPFRATURE 

ABSORPITOM OF SOUND 
>277.6 K RELATIVE 

IN AIR 

HUHIDITV B 69.0 ! 

EREQUENCT 

MEASURED. ABS 

PREDICTED 

tKHZ) 

(DB/H) 

(DB/H) 

100.0 

2.2131 

2. 1911 

95,0 

2.0226 

2.0377 

90,0 

1.8674 

1.8917 

85,0 

1.7517 

1. 7532 

80,0 

1.6102 

1.6220 

75,0 

1.4754 

1 .4980 

71,0 

1.3969 

1.4039 

67.0 

1.2926 

1.3143 

63.0 

1.2102 

1-2289 

59.0 

1.0753 

1.1477 

56.0 

1,0213 

1.0893 

53,0 

0.9771 

1.0331 

50,0 

0,8941 

0.9737 

48,0 

0.8305 

0.9434 

45.6 

0.8143 

0.8918 

42.0 

0,7809 

0.8415 

40,0 

0.8528 

0.8085 

37.5 

0.7853 

0.7677 

35.4 

0,7721 

0.7334 

33,4 

0,7125 

0. 70C7 

31 .5 

0.6750 

0.6692 

29.7 

0,6404 

0.63 89 

28.0 

0,6021 

0.6095 

26,5 

0,5669 

0.5829 

25.0 

0,5372 

0. 5554 

24.0 

0.5229 

0. 5365 

22.0 

0,4854 

0.4969 

21.0 

0.4731 

0.4762 

20.0 

0,4377 

0.4547 

19.0 

0,4282 

0.4325 

18.0 

0,3977 

0.40 94 

17.0 

0,3806 

0. 3855 

16.0 

0.3468 

0.3606 

15.0 

n.3274 

0.3348 

14.0 

0,3007 

0. 3082 

13.2 

0,2785 

0.2863 

12.5 

0.2640 

0.2667 

11.8 

0,2451 

0.2468 

11.2 

0.2327 

0.2296 

10.6 

0,2106 

0.2122 

10.0 

0.1936 

n. 1949 

9.5 

0.1773 

0. 1804 

9.0 

0,1670 

0.166C 

8.5 

0.1517 

0. 1517 

8,0 

0.1409 

0.1376 

7.5 

0.1214 

0.1237 

7.1 

0.1156 

0.1129 

6.7 

0.1017 

0. 1025 

6.3 

0,0937 

0.0920 

5.9 

0,0838 

0.0820 

5.6 

0.0766 

0.p748 

5.3 

0,0700 

O.0678 

5.0 

0.0611 

0.06X1 

4.5 

0,0500 

0.0505 

4.2 

0.0494 

0.0445 

4.0 

0.0385 

0.0407 


M 



ABSORPTION COEFFICIENT (db/m) 



Tt-MpFKATMHF 

arsokpiton of sound 
=277.6 K relative 

IM MR 

HUMlDITJf = 80,3 ’ 

fukoiik'icy 

MFARUREU ABS 

PREDICTED 

CKHZ) 

fDB/F) 

(DB/M) 

I 00, n 

2.3317 

’.3212 

95.0 

2.1 363 

2.1664 

90.0 

1.9720 

2.0189 

85.0 

1.8444 

1.8785 

PO.O 

1.7282 

1. 74 5? 

75.0 

1.5857 

1.6137 

71.0 

1.4991 

1.5222 

h7.0 

1.3823 

1. 42 98 

03.0 

1.2855 

1. 34 13 

50,0 

1.1515 

1.2563 

50.0 

1,0897 

1.1947 

53.0 

1.0406 

1.1343 

50,0 

0.9607 

1. 0762 

48.0 

0,9418 

1.03 79 

45.0 

0.8785 

3.9811 

42,0 

0,8366 

0. 9248 

40.0 

0.8183 

3.8873 

37.5 

0,8440 

0. 840? 

35,4 

0,8321 

0. 80C2 

33,4 

0.7622 

3.7615 

31 .5 

0,7389 

). 7238 

?9.7 

0.6801 

■:). 6872 

28.0 

0.6551 

3.6515 

26.5 

0,6027 

3.6189 

25.0 

O.S702 

3. 5852 

24.0 

0,5374 

3.56 21 

22,0 

0.5051 

3.8139 

21 .0 

0.4934 

0. 4889 

20.0 

0.4486 

<3.46 32 

19,0 

0.4368 

0.4367 

18.0 

0,4037 

0. 40<-6, 

17,0 

0.3796 

0. 38 1<> 

16.0 

0,3505 

0.3534 

15.0 

0.3188 

0. 3245 

14.0 

0.2932 

0.2952 

13.2 

0,2675 

0.2715 

12.5 

0.2550 

0. 25C7 

11.8 

0.2334 

0.2300 

11.2 

0.2196 

0.217? 

10.6 

0.1975 

(3. 1947 

10.0 

0.1788 

0.177? 

9.5 

0.1617 

0.1631 

9.0 

0.1510 

0. 1491 

8.5 

0.1377 

0.1354 

8,0 

0,1213 

0.1220 

7.5 

0,1097 

0. 1091 

7.1 

0.1017 

0.0990 

6.7 

0.0912 

0.0894 

6.3 

0.0802 

0. 0800 

5.9 

0,0703 

0.0711 

5.6 

0,0666 

0.0646 

5.3 

0.0579 

0.0584 

5.0 

0,0538 

0,0525 

4.8 

0,0555 

0.0487 

4.5 

0,0484 

0.0432 

4.2 

0,0410 

0.0380 

4,0 

0.0382 

0.0347 





ABSORPTION COEFFICIENT (db/m) 


123 


TEHPERATIIHE 

absorption of sound 
S277.6 K relative 

IN AIR 

HUMIDITY * 89.6 ! 

FREQIlENCy 

measured ABS 

PREDICTED 

(KHZ) 

(DB/H) 

CDB/M) 

100,0 

2.4546 

2.4266 

95.0 

2.2738 

2.2703 

90.0 

2.1078 

2.1210 

85.0 

1 ,9656 

1.9786 

80,0 

1.8556 

1. 8429 

75,0 

1.6991 

1.7156 

71.0 

1.6241 

1.6145 

67,0 

1.5019 

U5IS1 

63.0 

1.3960 

1.4272 

59,0 

1.2435 

1.3383 

56,0 

1.1944 

1 .2733 

53.0 

1.1365 

1.2C96 

50,0 

1.0604 

1. 146R 

4H.0 

1.0345 

1.1055 

45.0 

0.9622 

1.0433 

42.0 

0.9168 

0,9813 

40.0 

0.9260 

0.0396 

37.5 

0.9188 

0. 8868 

35.4 

0.8053 

0. 8415 

33.4 

0.8114 

0.7975 

31.5 

0.7796 

0. 7545 

29,7 

0.7227 

0. 7124 

28.0 

0.6749 

0.6718 

26.5 

0.63! 1 

0.6346 

25.0 

0,5881 

0.5963 

24,0 

0.5569 

0.5701 

22.0 

0,5090 

0. 51 5C 

21.0 

0,4900 

0.4881 

20.0 

0.4479 

0.4597 

19.0 

0,4301 

0.43C7 

l«.o 

0.3987 

0. 4014 

17.0 

0,3690 

0.3716 

16.0 

0.3394 

0,3415 

15,0 

0.3072 

0,3112 

14.0 

('.2804 

0.2809 

13.2 

0.2552 

0.2568 

12.5 

0,2388 

0. 2359 

1 1.8 

0,2189 

0.2151 

11.2 

0,2015 

0. 197'- 

10.6 

0.1817 

0, 1PC4 

in.o 

0,1645 

0.16.56 

9.5 

0,1486 

0. 1499 

9.0 

0.1384 

0. 1365 

8.5 

0,1260 

0.1235 

8.0 

0,111b 

0.1110 

7.5 

0.1012 

0. 0980 

7.1 

0,0906 

0.0896 

6.7 

0.0800 

0. npc6 

6.3 

0,0705 

0.0721 

5.9 

0,0627 

0.0639 

5.6 

0,0602 

O.C'PO 

5.3 

0.0521 

0.0524 

5.0 

0,0480 

0 .04 70 

4.8 

0,0453 

0. 0436 

4.5 

0,0379 

0.03F7 

4,2 

0,0408 

0.0340 

4,0 

0.031 1 

0.031! 



ABSORPTION COEFFICIENT (db/m) 




i- I'.f '1 1'HK 

ril'Snt'Priu'i riK .snoiil.' I*' /ilR 
= 271.0 o i<?L4llvK riU’-Ui.'l 

[TV = 1 un,o 


I'HOSi'RhT M'S 

P»^fc.UJ.n KL 

(KH/;. ) 

(HR/'') 

f i:-w/M j 

1 no . n 

7.403-2 

2. 1 ? 


7 . n 1 R 0 

^ • 3R2'' 

<Ui , 1' 

7.057" 

3 . : 3 c " 

RS.O 

1 .5055 

* c 9 *" 7 

fcu , 1' 

1 .OOPS 

1 

T'.o 

1.025" 

U«134 

hl.O 

1 .530« 

1.6UA 

hi.CI 

1.4975 

1 .514? 

s&.o 

1 .0404 

l.42C^ 

Sfi , ti 

1 . 4H7b 

1. 

■' . '1 

1 .3907 


S n , 0 

1.3059 


4 M , ll 

1 . 2o?« 

1 . U e 0 


1.7431 

1. 10C5 

4 7.0 

1 .07 35 

I.T314 

4 0,0 

n . 9990 


3^‘’ 

o , '3 Cl 4 9 


•)S.4 

1.0422 

?. ?740 

33.4 

0.9205 

). "?A1 

3 1.5 

0 . 9 0 4 1 

}. 77^^ 


0,7550 

) , T?'^0 

7R.'> 

0.7095 

7 .f V?r 

70.5 

0,0034 

0 . 4Af? 

75.1' 

", 500(1 

5477 

•;4 .-M 

0 , 5 ii 7 9 

:). Ro‘^7 

7 7.0 

0.51?" 

0. 50r5 

71 ." 

0.490') 

T, A7*?? 

211.11 

0,4007 


1 0 . 11 

".4193 

n , A 1 0 1 

1 “.0 

" . 3 H 0 0 

7. 3072 

17.0 

0.3944 

0. 35^2 

10." 

0.3511 

0. 3252 

15.1-1 

".315H 

).20^5 

14." 

0.7H1 ) 

T.?f. 40 

13.2 

0.7444 

J. 2401 

12.5 

0.7351 

0.2105 

1 1 .« 

0.207 J 

7, 1903 

1 1 .7 

0.213b 

0. l??4 

1 ".0 

1-1.1929 

0. 165C 

in." 

0.1970 

0. 1408 

<1.5 

0.1521 

0. 1369 

q.O 

0,1222 

0.1243 

B.5 

0,1301 

0. 1122 

(!." 

0.1143 

0. 1005 

7.5 

O.0905 

0.0804 

7.1 

0.071 & 

0.0808 

0,7 

0,0677 

J. 0726 

0.3 

0.0502 

0.0648 



ABSORPTION COEFFICIENT (db/m) 





TK’'PFKAil)hf: 

(.PSriKPTliJo (IF S(3UM) J 
= 28-3.2 ^ HFLATIVK 

[\' Afo 

HlO>ilOJTY = 0.0 1 

KFKf.l'riVCV 

HFASlRen AUS 

pRfc.OlCl'Kl) 

(KHii) 

(OH/P) 

COP/M) 

1 of>.« 

1.7246 

1.5723 

«>;.o 

1.561 1 

1 .'ll"! 

40. 0 

1.3620 

1.2735 

HS.O 

1.2596 

1. 13(3 

«o.o 

1.1817 

1.9067 


1.0170 

9.3340 

71.0 

0.9290 

0.791? 

bV.o 

0,8692 

9.7064 

f- ? . 0 

P.7788 

9.6247 

s«.o 

0.6437 

9. 54P1 

so.o 

0.6610 

9.49 3“ 

r>3.o 

0.5644 

9.4475 

SO.I' 

0.4488 

0.3939 

4«.0 

0.4761 

9.3631 

4S.0 

0.4364 

9.3193 

4 ? . n 

0..3 774 

9. 7763 

40.0 

n.3289 

9.2525 

37.0 

0.7190 

9.2221 

30.4 

0.7068 

9. 19.“9 

33.1 

0.1284 

9.17(4 

31.5 

0,1 682 

9,1570 

r'.i 

0.1069 

9. 1397 

75.0 

0,1099 

9.1243 

?b.5 

0.0891 

9,1115 

75.-0 

0,0978 

C959 

74.0 

0,0709 

9.00 16 

22.0 

0.0697 

9.0777 

21.0 

0.0533 

0. C7C4 

70.0 

0,0656 

9,0640 

14.0 

0,0556 

9.0579 

IP." 

0.0521 

,7. 0579 

17.0 

0,047b 

9.0465 

1 h,.0 

0.0381 

9.04 14 

1 4 . 0 

0,0274 

9.0319 

13.2 

0.0290 

9.0285 

17.5 

0.0285 

9. 0757 

M .H 

0.0193 

o.o?;-'? 

11.7 

0.0220 

O.J/O'I 

lO.h 

0.0171 

9. 9) p“ 

10.0 

0.0221 

■9.9165 

0.5 

0.0170 

0.0153 

0.0 

0,0165 

0,0.179 

H.5 

0.0128 

9.0125 

fi.O 

0.0071 

9.0112 

7.5 

0.0117 

■9.019(' 

7.1 

0.0091 

9.90.9-1 

h.7 

0.0087 

I.OOPi 



ABSORPTION COEFFICIENT (db/m) 




Tf.MpFRATI'HF 

AHSni-PnU'l OK SOUND 
=291,2 K RKLAttve 

IM AlH 

HUMInITY = 9,4 

FReOUtNCY 

OKA.SimED ABS 

KRKDICTKU 

(KHZ) 

(DB/M) 

(DB/9) 

lOO.O 

1 .7447 

l'. 64 52' 

95.0 

1 .5bU3 

1.4020 

90, 1 

1.3826 

1 .3467 

R5.0 

1 .2338 

1 . 2C92 

RO.I) 

1 . 1 050 

1.0796 

75.(1 

0.9959 

:i.0578 

71.0 

0,9805 

0. S66C 

67,0 

0.9511 

779? 

65.0 

0,7244 

.3 .6076 

59,0 

0.5971 

0. 62 0'- 

56.0 

0,5623 

■). 5667 

53.0 

0.5163 

3. SIS’ 

50.0 

0.4713 

0.4668 

4R.0 

0.4333 

3. 4360 

45.0 

0.4046 

0.3921 

42,0 

0.3319 

') . 3 5 1 1 

40,0 

0.3107 

0. ■’253 

37.5 

0.3521 

0..7949 

35.4 

0.2860 

2 . ,2 7 C 9 

33.4 

0.2440 

0. 2461 

31.5 

0,2592 

0.2299 

29.7 

0.2324 

3.2124 

7H.0 

0.2242 .. 

'i. 1970 

26.5 

0.1820 

3.1341 

25.0 

0.1897 

3.1710 

24.0 

0.1712 

0. 164? 

22.0 

0.1514 

3.1497 

21.0 

0.1517 

0. 1429 

20,0 

0.1443 

3. 1364 

19.0 

0.1247 

3.130? 

IB.O 

0.1225 

0.1243 

17.0 

0.1205 

3. IIO? 

16.0 

0,1112 

3.1135 

15.0 

0.1135 

3. 10P5 

14,0 

0.1118 

3. 10?9 

13.2 

0,1041 

0.1002 

12.5 

0.0973 

0. 0973 

1 1 .9 

0.0965 

0. 0=45 

1 1 .2 

0.0915 

3.0°?? 

10.6 

0,0877 

3 . 3 9 0 3 

10.0 

0.0022 

3. 0P7R 

9.5 

0.0070 

0.0861 

9.0 

0.0024 

0.0844 

0.5 

0.0837 

0,0827 

9.0 

0.0820 

0.081 1 

7.5 

0.0841 

0,0795 

7.1 

0.0797 

0.0782 

6.7 

0.0745 

0,0769 

6.3 

0.0767 

0.0755 

5.9 

0.0739 

0.0742 

5.6 

0,0716 

0,0731 

5,3 

0.0734 

0,0719 

5.0 

0.0650 

0,0707 

4,8 

0,0691 

0.0699 

4.5 

0,0709 

0,0685 

4.2 

0,0619 

0,0669 

4.0 

0,0551 

0.0651 



ABSORPTION COEFFICIENT (db/m) 







All.inhPTTON np SOUND 

IN AIR 

TtMpEKA'l'IJRK 

X28J.2 6 RELATIVE 

HUMIDITY = 19,5 : 

freouency 

MEASURED ABS 

PREDICTED 

f KHZ) 

CDB/M) 

(DB/M) 

lOO.R 

1.9047 

1 .8073 

95.1 

1 .6486 

1.6292 

90,3 

1,5036 

1 .4898 

B4.R 

1,3645 

1.3416 

80.0 

1.2259 

1.2184 

75,0 

1,1073 

1.0965 

71.0 

1.0032 

1.0046 

67.0 

0.9213 

0.9178 

63.0 

0.8252 

7.8360 

59.0 

0.6991 

0. 7591 

56.0 

0,6670 

0.7049 

53.0 

0.6060 

0.6532 

50.0 

0.5821 

0.6044 

48.0 

0.5389 

0.5735 

45,0 

0.4984 

0.5294 

42.0 

0.4291 

0.4880 

40,0 

0.4360 

0.4620 

37.5 

0.4735 

0.4311 

35.4 

0.4425 

Q.4067 

33.4 

0.3948 

0.3846 

31.5 

0,3862 

0.3647 

29,7 

0.3411 

0.3468 

29,0 

0.3266 

0.33C7 

26.5 

0,3013 

0.3172 

25.0 

0.2779 

0.3043 

24.0 

0.2806 

0.2960 

22.0 

0.2670 

0.2800 

21 .0 

0,2527 

0.2724 

2(i.O 

0,2458 

0.2649 

19.0 

0.2432 

0.2576 

19,0 

0,2340 

0.2505 

17.0 

0.2285 

0.2434 

16.0 

0.2219 

0.2364 

15.0 

0.2127 

0.22 93 

14,0 

0.2140 

0.2221 

13.2 

0,2045 

0.2163 

12,5 

0.1950 

0.2110 

1 l.H 

0.1928 

0.2054 

11.2 

0.1862 

0.2005 

10.6 

0,1867 

0.1952 

10.0 

0,1830 

7. 1897 

9.5 

0.1796 

7.1847 

9.0 

0,1750 

0.1795 

8.5 

0.1682 

7.1758 

8.0 

0,1596 

7.16 76 

7.5 

0.1545 

0.16C9 

7.1 

0.1486 

0.1551 

6.7 

0,1452 

7.1488 

6.3 

0.'1390 

0. 1420 

5.9 

0,1312 

7. 1347 

5.6 

0.1281 

0.1288 

5.3 

0.1194 

0.1725 

5.0 

0.1140 

0.1158 

4.M 

0,1108 

7.1112 

4.5 

0.1122 

7. 1038 

4.2 

0,0968 

7.0857 

J , 0 

0 , 0955 

7.0908 



FREQUENCY (kHz) 


ABSORPTION COEFFICIENT (db/m) 



A» 

snkp'itu'J OF SnuNu 

AIR 

Tt -n’KIUTIlKf' = 

28 3.2 ^ 8FJ1.4TIVK 

MU^tniTY = 30, s 


(■iF;ASaRh.n AhS 

t'HbOlC TKL) 

(KHZ1 

(I'M/M) 

(D0/’^3 

10 0.0 

2,0329 

1 . 


1 .8(,90 

1.^1 71 

90,0 

1 

1 . 5712 


1 ,5h3% 

1.5333 

fl 0 . 0 

1.4298 

1.4C '1 

7*^.0 

1.3555 

1 .2S06 

71.0 

1.2480 

1. ir=2 

(.7.0 

1.142b 

1 . 1007 

h3.0 

1.0871 

1.0191 

5 7.0 

0.9554 

0. 94C4 

5h.O 

0,913b 

0.8852 

5 3.0 

0.8790 

0 , .3 3?6 

50.0 

0.7842 

0. 7827 

4H.0 

0,7562 

0.75C9 

45 . u 

0.7209 

T.70^1 

47.0 

0.6891 

0. 6621 

40.0 

0.6332 

0.6346 

37.5 

0.6421 

0,6016 

35.4 

O.blHb 

0. 5750 

3 3.4 

0.5570 

0. ^50^ 

31 .5 

0.5471 

7 . 5 ? R 1 

29.7 

0.5083 

0. 5C73 

29.0 

0.4898 

O.^riOO 

25.5 

0.464H 

0.4713 

25.0 

0.4450 

0 . A 5 <(6 

24.0 

0.4143 

7.4434 

22.0 

0.3939 

0.4209 

21.0 

0.3830 

0. 4094 

20.0 

0.3617 

7.3974 

19.0 

0.3757 

•7 .3S55 

18.0 

0,3543 

0. 3720 

17.0 

0,3398 

7, 5? 99 

Ih.O 

0.3287 

0.3460 

15.0 

0.321 3 

7.3314 

14.0 

0.3034 

0.3157 

13.2 

0.2898 

0.302? 

12.5 

0.2782 

n. 2897 

11.8 

0.2657 

0,2764 

11 .2 

0.2556 

0.2644 

10.6 

0.2430 

0. 2517 

10,0 

0.2244 

0. 23.82 

9.5 

0.2154 

0 .2?6.>5 

9.0 

0,2091 

0. 2142 

8.5 

0.1970 

0.20 13 

fl.O 

0.1832 

0.18 79 

7.5 

0.1704 

0. 1741 

7.1 

0.1610 

0.1626 

6.7 

0.1193 

0.1509 

6.3 

0.1352 

0. 1390 

5.9 

0,1227 

0. 1269 

5.6 

0,1153 

0.1177 

5.3 

0.1053 

0 . 1085 

5.0 

0,0990 

0.0994 

4.8 

0,0902 

0.0933 

4.5 

0 , 0(81 

0.0842 

4.3 

0,0711 

0.0753 

4.0 

0 , 0«»0 

0.0695 




ABSORPTION COEFFICIENT (db/m) 



mm- 


TF.MPEKAIHKE 

AHSriHP'l'IO»i 08 SlUjrJO 
=283.2 K RKLAIIVE 

Il'i AlP 

HUMirUTY = 40. 

FREOIIEMCY 

MFASUPEP ABS 

PREDICT 

CKHZ) 

(DB/P) 

fDB/M) 

lon.o 

2.1560 


95,0 

1 .9961 

1 . 09R-i 

90.0 

1.8269 

1 .R51R 

85,0 

1.7495 

1. 7l2£j 

80,0 

1.5844 

1. f P14 

75.0 

1.5047 

1.457F 

71.0 

1.3907 

1 .363S 

67.0 

1,3006 

1.2747 

63.0 

1.1967 

1. 19C? 

59.0 

1.1033 

1.1102 

56,0 

1.0593 

1.0531 

5.3.0 

1.0225 

0. <--9 8? 

50.0 

0.9305 

0. f^457 

48.0 

0.9002 

0.91 

45.0 

0.8621 

0. 9627 

42,0 

0.8377 

0.9153 

4».0 

0.7859 

0.7846 

37.5 

0.7389 

0. 747C 

35.4 

0.7117 

n.7U0 

33,4 

0.6268 

0 .6866 

31.5 

0,6b04 

0. 6588 

29.7 

0,6264 

0.6322 

28.0 

0,5950 

0.6060 

25.5 

0,5608 

n. 

25,0 

0,5474 

0.5603 

24.0 

0,5081 

0.5442 

22.0 

0.4923 

0.91C5 

21.0 

0.4665 

0.4^2° 

20.0 

0,4475 

0.4743 

19.0 

0,4366 

0. 4551 

18.0 

0,4102 

0.4?50 

17.0 

0.3944 

0.4130 

16.0 

0.3776 

0. -*016 

15.0 

0.3583 

3682 

14.0 

0,3391 

0,3414 

1 3.2 

0.3123 

0. 32'>6 

12.5 

0.2984 

0.3037 

1 1 .8 

0.2794 

0 . 

11.2 

0.2657 

2669 

10.6 

0.2437 

0,2497 

10.0 

0.2263 

1.7311 

9.5 

0.2130 

0. 21 58 

9.0 

0.201U 

0.2003 

8.5 

0, 1865 

0.1R47 

8,0 

0.1695 

J. 1 1 

7.5 

0.1533 

t . 1 ^ 3 3 

7.1 

0.1429 

• . 1409 

6.7 

0.1301 

0. 12 0'^ 

6.3 

0.116-9 

U 1 1 6 3 

5.9 

0.1057 

) .1044 

5.6 

0.097 1 


5.3 

0.0890 

■'.0871 

5.0 

0.0802 

^ . J797 

4.8 

0.0724 

0. 0733 

4.5 

0.0709 

'.Of 

4.2 

0 ,077 3 

'■ . .'5 7 

4.0 

0.0573 

-^5M 
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ABSORPTION COEFFICIENT (db/m) 




283. 2°K (50°F) 

49.8% Relative Humidity 
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ABSORPTION COEFFICIENT (db/m) 





G 


TEMt'EKATllKE 

AOSORPrUlM Of SOUNU 
=283,2 6 RELATIVE 

IN AIR 

HUMIDITY » 60.5 ! 

frequency 

MEASURED ABS 

PREDICTED 

(KHZ) 

(DB/M) 

(DB/M) 

lOD.O 

3,1204 

2.5289 

95.0 

2.8391 

2.37C7 

90.0 

2.2730 

2.2196 

85.0 

2.1292 

2.0754 

80.0 

1,9539 

1 . 93 79 

75.0 

1.8631 

1.8068 

71.0 

1.7450 

1.7063 

67.0 

1 ,6630 

1.6C94 

63.0 

1.5167 

1.5153 

59.0 

1.3936 

1.4252 

56.0 

1.3273 

1.3569 

53.0 

1.2557 

1.2937 

50.0 

1.1980 

1.2293 

48.0 

1.1520 

1.1867 

45.0 

1.1030 

1.1229 

42.0 

1,0026 

1.0567 

40.0 

0.9873 

1.0155 

37.5 

0.9873 

0.9605 

35.4 

0.9499 

0.91->3 

3 3.4 

0.8664 

0.S671 

31.5 

0.8248 

0. 8219 

29.7 

0,8008 

0.7776 

2".P 

0,7331 

0.7343 

26.5 

0.6861 

0.6948 

25.0 

0,6507 

0. 6539 

24.0 

0,6067 

0.6259 

22.0 

0.5544 

0.56.7C 

21.0 

0,5285 

0. 53 77 

20.0 

0,4861 

0.5070 

19.0 

0,4748 

0.4755 

18.0 

0,4377 

0.4437 

17.0 

0.4054 

0.4113 

16.0 

0,3600 

0.3785 

15.0 

0.3405 

0. 3453 

14.0 

0,3128 

0.3121 

13.2 

0.2873 

o.zass 

12.5 

0,2634 

0. 2625 

1 1.8 

0,2399 

0,2397 

1' .2 

0.2225 

0.2203 

10.6 

0.2063 

0. 2013 

10.0 

0,1816 

0. 18 26 

9.5 

0,1619 

0. 1674 

9.0 

0,1561 

0. 1526 

8,5 

0,1422 

0.1382 

8,0 

0.1252 

0. 1242 

7.5 

0,1123 

0. IIC7 

7.1 

0.1031 

0.1004 

6.7 

0,0921 

9.0904 

6.3 

0,0806 

0.08 CP 

5.9 

0.0723 

0.0717 

5.6 

0,0661 

0.0651 

5.3 

0.0586 

0. 0588 

5.0 

0,0546 

0.0528 

4.8 

0.0456 

0.0490 

4.5 

0,0406 

0.0435 

4.2 

0.0432 

0.03P3 

4.0 

0.0432 

0 . 03 50 



ABSORPTION COEFFICIENT (db/m) 



TEMPEKATUHE 

absorpttum np sound 
=283.2 K RELATIVE 

IN AIR 

HUMIDITY = 70,0 

FREuIIENCY 

MEASURED ABS 

PREDICTED 

(KHZ1 

(DB/M) 

(DB/M) 

100.0 

2.7094 

2. 6953 

95,0 

2,5293 

2.5378 

90.0 

2,3556 

2.3830 

85.0 

2.1964 

2.2344 

80,0 

1.9795 

2.0919 

75.0 

1.9460 

1.9549 

71.0 

1,8164 

1. 84<:c 

67.0 

1.7235 

1. 7460 

63.0 

1 ,6037 

1.6454 

59.0 

1.4661 

1.5468 

56.0 

1.4122 

1. 4739 

53,0 

1 .3381 

1. 4013 

50.0 

1.2763 

1.328,8 

48. 0 

1.1741 

1.2802 

45.0 

1.1278 

1.20(8 

42.0 

1.0233 

1.1321 

40,0 

1 ,1256 

1.0814 

37.5 

1.0668 

1. 0165 

35.4 

1.0174 

0.9605 

33.4 

0,9146 

0.9056 

31.5 

0.8706 

0. 8519 

28,7 

0,834 1 

0. 7996 

28,0 

0.7827 

0. 7487 

26.5 

0.7026 

0. 7025 

25.0 

0,6544 

0.6553 

24.0 

0.6070 

1. 62 32 

22.0 

0.5527 

0. 5576 

21.0 

0,5211 

0.5242 

20.0 

0,4774 

0.4905 

18.0 

0,4495 

0.4565 

18,0 

0.4209 

0 . 42 24 

17.0 

0,3834 

0. JP82 

16,0 

0,3485 

0. 3542 

15.0 

0.3150 

7.3204 

14.0 

0,2848 

0.2870 

13.2 

0,2645 

7. 26CS 

12.5 

0,2425 

7.2383 

11.8 

0.2146 

7.2162 

11.2 

0.1979 

7. 1^78 

10.6 

0,1827 

•7.1798 

10.0 

0.1589 

■3,1624 

8,5 

0,1462 

0. 14P3 

9.0 

0. 1 368 

7.1546 

8,5 

0.1219 

0.1216 

8,0 

0.1106 

0. iceo 

7.5 

0.0999 

7.0967 

7.1 

0.0887 

7. 'OR 75 

6.7 

0,0791 

0.3)786 

6,3 

0,0682 

7.0702 

5.9 

0.0620 

■7.0621 

5.6 

0.0558 

0.0564 

5.3 

0.0505 

0.0509 

5.0 

0.0482 

0.0457 

4.8 

0.0395 

7. 0424 

4.5 

0.0365 

7.0376 

4.2 

0,0377 

7.0337 

4,0 

O.031 1 

0.O3C3 



ABSORPTION COEFFICIENT (db/m) 
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absorption of sound 

IN AIR 

temperature 

»283.2 K RELATIVE 

HUMIDITY = 80,3 ! 

frequency 

MEASURED ABS 

PREDICTED 

CKHZ) 

fDB/M) 

CDB21D 

100.0 

2.8300 

2. 8735 

95.0 

2.6406 

2.7073 

90.0 

2,4517 

2. 5470 

85.0 

2,3216 

2.3923 

79.9 

2,0971 

2.2427 

75.0 

2,0149 

2. C976 

71.0 

1.9181 

1. 9844 

67.0 

1,8101 

1.873? 

63.0 

1.8743 

1.7635 

59.0 

1.5383 

1.654T 

56.0 

1.4656 

1.5733 

53.0 

1.3797 

1 .4916 

50,0 

1,3117 

1.4092 

49.0 

1.2464 

U 3538 

45.0 

1,2196 

1.2693 

42.0 

1,2543 

1. 1831 

40.0 

1,1606 

1. 1242 

37.5 

1.1012 

1.0491 

35.4 

1.0359 

0.9843 

33.4 

0.9581 

0. 9211 

31 .5 

0.8857 

0.8593 

29.7 

0,9555 

0.8004 

28.0 

0,7541 

0. 7432 

26.5 

0,6905 

0.6919 

25.0 

0,6356 

3.6401 

24.0 

0,5863 

0.6052 

22.0 

0,5317 

0.5349 

21.0 

0.4920 

0.4997 

20.0 

0.4490 

0,4645 

19.0 

0.4329 

0.4295 

18,0 

0.3964 

0.3948 

17.0 

0,3606 

0.36C4 

16.0 

0,3272 

0.3266 

15.0 

0,2959 

0,2935 

14.0 

0,2646 

0. 2612 

13.2 

0,2365 

0.2361 

12.5 

0,2121 

0.2148 

11.8 

0.1944 

0. 1941 

11.2 

0.2073 

0.1769 

10.6 

0.1608 

1.1603 

10,0 

0.1429 

0. 1443 

9.5 

0.1504 

0.1314 

9.0 

0,1105 

0.1191 

8. 5 

0.1113 

0. IC72 

8,0 

0.0972 

0.0958 

7.5 

0.0864 

0.0851 

7.1 

0.0801 

O.C76P 

6.7 

0.0681 

0.0690 

6.3 

0.0611 

0.06 15 

5.9 

0,0545 

0. C545 

5.6 

0.0496 

0.0494 

5.3 

0,0448 

0.0447 

5.0 

0.0419 

0. 04C1 

4,8 

0.0319 

0.0372 

4.5 

0,0 304 

0.0331 

4.2 

0.0298 

0. C292 

4.0 

0.0250 

0.0267 



ABSORPTION COEFFICIENT (db/m) 


134 



APSnRP'nL'H riF" snjMD 

I'l AIR 

tf.-'pkhatiirp: 

=283.2 K MFLSTIYE 

HUMtniTY = 89.7 : 

FUFOHfCY 

UFASUWEI'' M)S 

PRfc.nicTF.u 

(KH7.1 

Con/F) 

(DB/k) 

ino.i'i 

2.9671) 

3 .0207 

Ph,'' 

2.7926 

?. 8450 

40,11 

2.6025 

2.6826 

P4.0 

2.4369 

2.5210 


2.4067 

2.3637 

7S.n 

2,1488 

2. 2C5R 

7 1.0 

2,0255 

2.0889 

R7.0 

1.9095 

1.9652 

F 3.0 

1 .7666 

1. 95C2 

•so.o 

1 .5907 

1.7312 

SF.I' 

1 .5164 

1 .0416 

b3.0 

1.4342 

1. 551? 

50.0 

1.3624 

1. 4557 

4H.0 

1.3313 

1.3970 

45.0 

1.2151 

1.3038 

42.0 

1 .0946 

1.2C76 

40.0 

1.1491 

1. 1421 

37.5 

1.1147 

1 .0588 

35.4 

1.0499 

0. 9874 

3 3.4 

0.941 7 

0.9182 

31.5 

0.8703 

0.8515 

20.7 

0,8454 

0. 7875 

2“." 

0.7382 

0.7265 

26.5 

0.6748 

0.6723 

25.0- 

0,6256 

0.6180 

24.0 

0,5707 

0.5818 

22.1) 

0,5073 

0.5098 

21 .0 

0.4725 

0.4741 

20.0 

0.4308 

0.4383 

lO.O 

0,4028 

0.40?9 

)B.O 

0.3765 

0. 36 96 

17.0 

0,3377 

0.3359 

16.0 

0,3020 

0.3031 

15.0 

0,2722 

0.2712 

14.0 

0,2439 

0.24C3 

13,2 

0.2201 

0.2166 

12.5 

0,1943 

0. 1965 

1 1 ,s 

0.1776 

0.1771 

11.2 

0.1640 

0.1611 

10.6 

0,1476 

0. 1457 

10,0 

0,127b 

0. 13C9 

9.5 

0,1139 

0.1191 

9.0 

0,1117 

0.1077 

R.5 

0.1004 

0.0969 

8,0 

0,0879 

0.0865 

7.5 

0,0766 

0.C767 

7.1 

0.0715 

0.0693 

6.7 

0.0614 

0.0622 

6.3 

0,0547 

0.0555 

5.9 

0,0504 

0.C491 

5.6 

0,0459 

0.0446 

5,3 

0,0404 

0. 04C3 

5.0 

0,0371 

0.0363 

5.8 

0.0318 

0.0337 

4.5 

0,0282 

0.03C0 

4.2 

0,0302 

0.0265 

4.0 

0,0246 

0.0243 



ABSORPTION COEFFICIENT (db/m) 


temperature 

ABSORPTIUN OF SOUND 
S283.2 K RELATIVE 

IN AIR 

HUMIDITY *100,0 

frequency 

MEASURED ABS 

PREDICTED 

(KHZ) 

(DB/H) 

(DB/H) 

100.0 

3,2124 

3. 1671 

95,0 

2.7017 

2.9884 

80.0 

2.3891 

2.4771 

75,0 

2,3221 

2. 3128 

71.0 

2.2365 

2. 1825 

67,0 

1.8875 

2.0523 

63.0 

1,6774 

1. 02 30 

59,0 

1 ,8776 

1.7926 

56.0 

1,6659 

1.69 39 

53.0 

1,7233 

1. 5942 

50.0 

1 ,6868 

1. 4932 

48,0 

1,5119 

1.4250 

45.0 

1,3645 

1.321’ 

42.0 

1,1857 

1.21=6 

40,0 

1.1881 

1. 1442 

37,5 

1.1225 

1.0537 

35,4 

1.0854 

0.9767 

33,4 

1 .0152 

0. 9C27 

31,5 

0,8760 

0.5370 

29,7 

0,8031 

3.7645 

28,0 

0,7716 

0. 7814 

26,5 

0,7073 

3.6456 

25,0 

0.6164 

3.5001 

24.0 

0,5670 

0, 5535 

22.0 

0.5158 

0.4814 

21.0 

0.5125 

3.4460 

20,0 

0,4376 

3. 41 12 

19,0 

0,4199 

3.3771 

18.0 

0,3930 

3.3438 

17.0 

0,3598 

). 31 14 

16.0 

0,3151 

3. 2709 

15.0 

0.2767 

3.2496 

14,0 

0,2560 

22C6 

13.2 

0.2281 

0,19 83 

12.5 

0,2076 

3.1795 

11.8 

0,1884 

.3. 1615 

11.2 

0.1723 

3,14‘-7 

10,6 

0,1567 

3,1375 

10. 0 

0,1321 

3. 1159 

9.5 

0,1277 

3.1051 

9.0 

0.1190 

3.0977 

8,5 

0,1116 

3 . C P 7 5 

8.0 

0.0926 

3.3784 

7.5 

0,0864 

0 .0o95 

7.1 

0.0823 

0. 0628 

6.7 

0,0702 

0.0564 

6.3 

0,0644 

■3. 3503 

5.9 

0,0600 

■3. ‘4 4; 

5.6 

0,0573 

1. 0405 

5.3 

0.0358 

3.0367 

5.0 

0,0405 

3. 0333 

4.8 

0.0294 

3.0307 

4.5 

0,0426 

0.3273 

4.2 

0,0297 

9. 0242 

4.0 

0.0295 

3.0223 



ABSORPTION COEFFICIENT (db/m) 



TF *<pKKA U'HF 

AHSOKPIILP: OF .SnUMD 
= 28b,7 K RFI,4'l'tVK 

IN AlH 

HUMiniTl = 0,0 

FKE(jHENt.lt 

,»;fASUHEI' AOS 

FREDjrTF.l 

CKHZl 

tOO/M) 

(DB/8) 

1 OD.O 

1,6283 

1.18 75 

qs.n 

1 ,5631 

1 . '-7 31 

>)0.0 

1.1160 

1 . r 8 f j 

F^i.O 

1.2135 

1 . 14 75 

fid.o 

1.0547 

1 .01 tt 

75,11 

1 .0283 

0. .09? 7 

71.1) 

0.8240 

o.nrio 

f>7.0 

0,8197 

0.71 04 


0.6397 

6? C9 

5'*.') 

0.6214 

0. 5575 

55.11 

0.4942 

9 .4980 

51.0 

0.5191 

0.4419 

50.0 

0,1978 

9. 1979 

4«.0 

0.4075 

n.l6t3 

45.0 

0,2677 

0. 1225 

47.0 

0.3270 

9.2811 

40.0 

0.2572 

9.2551 

.17.5 

0.2291 

0.2244 

15.4 

0.1602 

9.2C01 

33.4 

0.1531 

9.173? 

31 .5 

0.1508 

9.1587 

27,7 

0,1327 

9.1412 

20.0 

0,1 099 

9.1256 

25.5 

0.1041 

9.1127 

25.0 

0,0920 

0. 10C4 

24.0 

0.0812 

0.0926 

22.0 

0.0717 

9. C781 

21.0 

0,0648 

9.0712 

20.0 

0.0545 

9.0647 

19.0 

0,0548 

9.0585 

1«.,0 

0,0459 

0.0527 

17.0 

0,041 8 

9.0471 

16.0 

0.0384 

9. 0419 

15.0 

0.0366 

9.0370 

14.0 

0.0272 

9.0324 

13.2 

0.0216 

0. 02 89 

12.5 

0.0219 

0.0261 

11.8 

0.0148 

0.0234 

11.2 

0,0201 

0.0212 

10,6 

0,0200 

0.0191 

10.0 

0,0227 

0.0171 

9.5 

0.0143 

0.0156 

9.0 

0,0165 

0.0141 

e .5 

0.0119 

0.0127 

8.0 

0.0138 

0.0114 

7 .S 

0,0103 

0.0102 

7.1 

0,0097 

0.0093 

6.7 

0,0087 

0.00 84 

6,3 

0.0079 

0.0076 

5.9 

0.0068 

0.0068 

5.6 

0,0063 

0. C062 

5.3 

0.0061 

0.0057 

4.5 

0.0036 

0,0045 

4.2 

0.0045 

0.0041 



ABSORPTION COEFFICIENT (db/m) 



TEMPKRATIIRE 

ABSORPTION OF SOUND 
■288.7 K RELATIVE 

IN AIR 

HUMIDITY ■ 11,5 ' 

frequency 

MEASURED ABS 

PREDICTED 

(KHZ) 

(DB/H) 

tJiB/M) 

100,0 

1 .8655 

1.7732 

95.0 

1 .6964 

1.6185 

90.0 

1.5384 

1. 4717 

85.0 

1,4201 

1. 3328 

80.0 

1,3093 

1.2019 

75.0 

1,1768 

1 .0739 

71.0 

1,0768 

0.986? 

67.0 

0,9718 

0.8986 

63.0 

0,8717 

0.8160 

59.0 

0.7950 

Q. 7385 

56.0 

0,7306 

0.6837 

53.0 

0,6685 

0.6317 

50.0 

0.6157 

0. 5825 

48.0 

0,5830 

0.5514 

45.0 

0,5668 

0.5069 

42.0 

0,4909 

0.4653 

40.0 

0.4788 

0.4392 

37.5 

0.4478 

0.4032 

35.4 

0,3964 

0. 3837 

33.4 

0.3683 

0.3616 

31.5 

0.3568 

0.3418 

29.7 

0.3199 

0. 3240 

28.0 

0,2935 

0.3080 

26.5 

0,2786 

0.2947 

25.0 

0,2652 

0. 2B?0 

24.0 

0,2552 

0.27 39 

22.0 

0,2506 

0.25 34 

21.0 

0.2421 

0.2511 

20.0 

0,2324 

0 . 2440 

19.0 

0,2295 

0.2372 

18.0 

0.2200 

0. 2305 

17.0 

0.2167 

0.2241 

16.0 

0.2056 

0.217,8 

15.0 

0,2039 

0.2116 

14.0 

0,1942 

0.2055 

13.2 

0,1866 

0.2006 

12.5 

0.1916 

0. 1967 

11.8 

0,1773 

0.1918 

1 1 .2 

0.1799 

0.1879 

10.6 

0.1687 

0.183° 

10.0 

0.1528 

.0.1797 

9.5 

0.1612 

0,1759 

9.0 

0,1 660 

0. 1720 

8.5 

0,1640 

0. 1678 

8.0 

0.1585 

O.ltO'' 

7.5 

0.1533 

.0. 1583 

7.1 

0.1493 

0.15 40 

6.7 

0.1417 

0.1490 

6.3 

0.1383 

0. 1441 

5.9 

0.1337 

0. 1385 

5.6 

0.1275 

0 . 1338 

b.O 

0.1202 

0. 1234 

4.6 

0.1140 

0.1195 

4.5 

0.1107 

°. U30 

1.2 

0.1039 

0.1066 

4.0 

0.0977 




ABSORPTION COEFFICIENT (db/m) 




AObOKlTIOO riK SniJMli 

in AIR 

TH VfFl. niUMF: 

=788.7 6 RKLAXIVE 

HUM'ilTY = 20,2 


S.ROSUREri ahs 

PREniPTED 

tYUY.) 


UfB/9) 

t no.o 

7.0193 

■■.OPl’ 

tis.n 

1 ,8562 

1.1464 

90,11 

1.70 lb 

1 .c99? 

O'? . 0 

1 .5735 

1 . 56Cr 

0 0.0 

1.4569 

1.42 S' 

7S.0 

1.3146 

1. 3050 

71.0 

1.7132 

1.7118 

f. 7.0 

1.1711 

1. 1275 

hi.'i 

1.0212 

1.0401 

99 , 0 

0.940b 

0.0617 

■?b.n 

0,0804 

0. 9C61 

S3.0 

0.0109 

0.3532 

bO.O 

0.7608 

0.3020 

40.0 

O.7708 

0. 77C9 

4b. 0 

0,696b 

0.7249 

47.0 

0.6258 

0,6815 

40,0 

0,6230 

i. 6539 

37 . S 

0.6704 

0 . 62 OB 

3‘i.4 

0,6238 

1.5942 

33.4 

0,5806 

"'.■,569 = 

31 .b 

n,b74b 

■1 . 54 74 

?9.7 

0,5796 

0 ,52t7 

70 . u 

0.4876 

0. 5075 

76.5 

0.4677 

0.49 CO 

75.0 

0,4516 

0.4744 

74.0 

0,4495 

0. 4634 

77.0 

0,4247 

0.4412 

71.0 

0,4116 

0.4299 

70.0 

0.4062 

0, 41 P4 

19.0 

0,3925 

0.4065 

1«.0 

0,3800 

0.3942 

17.0 

0.3699 

0.3=14 

16.0 

0.3565 

0.56 76 

15,0 

0.3431 

0.3534 

H.O 

0.371 1 

0. 3380 

13.7 

0,3065 

7.3247 

17.5 

0.3027 

0.3123 

11.0 

0,2875 

0. 2990 

11.2 

0,2693 

9.2869 

10.6 

0.7624 

0.2741 

10.0 

0.7515 

■7. 26C5 

9.5 

0,2351 

0.2485 

9.0 

0.2300 

0.2359 

8.5 

0.7148 

0. 2226 

8.0 

0.7C15 

0.2096 

7.5 

0.1887 

0.1941 

7.1 

0,1758 

0. 1820 

6.7 

0.1645 

0.1695 

6.3 

0,1492 

0.1567 

5.9 

0,1368 

0.1436 

5.6 

0.1783 

0.1335 

5,3 

0,1195 

0.1236 

5.0 

0.1083 

0. 1135 

4.8 

0,1095 

0. 1067 

4.5 

0,0903 

0.0967 

4.7 

0,0840 

0.0867 

4.0 

0.0792 

0.0802 



ABSORPTION COEFFICIENT (db/m) 







TfMpFRATUHE 

ABSnRPTTUM OF SOUND 
S2B8.7 K PELATIVE 

IN AIR 

HUMIDITY = 30,7 i 

FREO'ltNCY 

MEASURED A8S 

PREDICTED 

(KHZ) 

(DB/M) 

CDB/M) 

10(1.0 

2.3797 

2 .3i05 

9S.0 

2,1766 

2.1541 

90,0 

2.0175 

2. 0054 

05,0 

1.8909 

1.8642 

80,0 

1.7555 

1.73 06 

75,0 

1,6476 

1. 6043 

71,0 

1.5324 

1.5085 

67,0 

1.4151 

1.4173 

63.0 

1.3052 

1. 3304 

56.0 

1.1587 

1.1885 

53.0 

1.0948 

1.1314 

50.0 

1 .0288 

1. 0762 

48.0 

0,9909 

1.0404 

45,0 

1.0809 

1.9880 

47,0 

0.8936 

0. 9370 

40,0 

0,8826 

0.9035 

37,5 

0.8950 

3. 8620 

35.4 

0,8341 

0. 8272 

33.5 

0.8006 

0.79 30 

31.5 

0.7584 

0. 7618 

?9.7 

0,7054 

0. 7309 

78,0 

0,6885 

0.7008 

76.5 

0,6465 

1.6733 

24.0 

0,6358 

1.62 52 

27.0 

0,5550 

1.5837 

21.0 

0,5384 

1. 5618 

20.0 

0,5058 

1.5390 

19,0 

0,4804 

1. 5151 

19,0 

0.4640 

0. 4902 

17.0 

0,4479 

0.4640 

16,0 

0,4190 

1.4366 

15,0 

0,3973 

0. 4079 

14.0 

0,3703 

1.3770 

13.2 

0.3393 

1.352? 

12.5 

0.3255 

1. 3304 

11.8 

0.2999 

0.3073 

11.2 

0.2797 

1.2871 

10.6 

0,2583 

1. 2666 

10.0 

0.2431 

1.2459 

9.5 

0.2228 

1.22 85 

9.0 

0.2122 

0. 2111 

8.5 

0.1945 

0. 19 35 

8,0 

0.1772 

1.1763 

7.5 

0,1609 

1 . 169 ? 

7.1 

0,1475 

1. 1456 

6.7 

0,1 336 

1.1324 

6.3 

0,1206 

o. 1194 

5.9 

0.1078 

0. 1068 

5.6 

0.0987 

1 . 09 76 

5.3 

0,0909 

0. 0885 

5.0 

0.0774 

0.1800 

4.8 

0.0733 

0.1744 

4.5 

0,0650 

1. 0663 

4.7 

0,0619 

1.1585 

4.0 

0,0535 

).1536 


M 



ABSORPTION COEFFICIENT (db/m) 




ASSOKPTTllM OF SOUND 

IN AIR 

te’-ipkkatmkh; 

=288,7 K PB:1,ATIVE 

HUMU'ITI = 39,8 

FWE0tl!->Cy 

t-lEARUBFri ABS 

PREOICI'ED 

f KHZ) 

CDB/M) 

(DB/H.) 

tdO.O 

2.5106 

2. 5831 

qs.f) 

2.3543 

2.4239 

qo.d 

2,1.977 

■> .2719 

S5.0 

2,0571 

2. 1270 

BO. 1.1 

1.9789 

1. 98P9 

75.0 

1,8196 

1.8573 

7) .0 

1 ,7000 

1 . 7.5 tb 

67.0 

1,5947 

1 . '-557 

6).0 

1,4813 

1. 5652 

50.0 

1,4002 

1.4759 

56.0 

1.3372 

1.4090 

53.0 

1,2502 

1. 34^1 

50,0 

1.1825 

1.2813 

4B.0 

1,1526 

1 .23^1 

45,0 

1.1160 

1.1759 

42,0 

1.0280 

1. 1125 

40,0 

1.0320 

l.OtOT 

.37,5 

1.0410 

1.0155 

35,4 

0,9664 

0. 56 87 

33.4 

0.9192 

0.9230 

31.5 

0.8645 

0.3701 

29.7 

0.8103 

0. 8340 

2«.0 

n.7732 

0.7'^C7 

26.5 

0.7297 

0.75 10 

25.0 

0,6910 

0. 7097 

24.0 

0.6693 

0.6313 

22.0 

0.5874 

0.6219 

2),0 

0.5670 

0. 59C9 

20,0 

0.5442 

0. 5591 

19,0 

0,5130 

0.5264 

iH.n 

0,4834 

0.4930 

17,0 

0.4510 

0.4587 

16.0 

0.4147 

0.42 38 

15,0 

0.3919 

0. 3883 

l->.0 

0.3414 

0.3524 

13.2 

0,3175 

0.3235 

12.5 

0.2931 

0. 2983 

11.9 

0.2714 

0.2731 

11.2 

0.2578 

0.2517 

10,6 

0.2311 

J. 7306 

10.0 

0,2076 

0.2097 

9.5 

0.1939 

0.1926 

9.0 

0.1763 

0. 1759 

8,5 

0,1608 

0. 1556 

8.0 

0.1484 

0 . 1437 

7.5 

0,1305 

0. 1284 

7.1 

0.1192 

0.1165 

6.7 

0,1059 

0.1051 

6.3 

0.0965 

0. 0941 

5.9 

0,0845 

0.0835 

5^6 

0,0783 

0.0760 

5.3 

0,0fe83. 

0. 0687 

. . .5.0 

0.0634 

0.0617 

. . 4.B 

0,0528 

0.0573 

■4.5 

0,0571 

0.05C9 

4,2 

0,0480 

0.0448 

4.0 

0.0410 

0.0410 



ABSORPTION COEFFICIENT (db/m) 




absorptiun of sound 

IN AIR 

TeHPERKTURE 

>288.7 K RELATIVE 

HUHIOITI B 50.2 < 

frequency 

measured ABS 

PREDICTED 

(KHZ) 

(DB/MJ 

CDB/Ml 

99,9 

2,8806 

2.8814 

95.0 

2,7009 

2.7165 

90,0 

2,5367 

2.5580 

85.0 

2.3905 

2.4C55 

80. 0 

2.2597 

2.2587 

75.0 

2. 1123 

2.1171 

71.0 

1.9891 

2.0071 

67.0 

1.8694 

1.899T 

63.0 

1.7490 

1.7942 

59.0 

1.6484 

1 . 6902 

56.0 

1.5710 

1.6126 

53.0 

1.4823 

1.5351 

50.0 

1.3965 

1.4572 

48.0 

1.3569 

1.4047 

45.0 

1 .2958 

1.3250 

42.0 

1.1987 

1.2434 

40,0 

1.1199 

1.1877 

37.5 

1.1783 

1. 1162 

35.4 

1.1132 

1.054? 

33.4 

0.9598 

0.9933 

31.5 

0.9527 

0.9337 

29.7 

0.8784 

0.9754 

29,0 

0.8278 

0,8188 

26.5 

0.7617 

0. 7675 

25.0 

0.7161 

0.7149 

24,0 

0,6752 

0.6792 

22.0 

0,5869 

0.6065 

21 .0 

0.5581 

0.5695 

20.0 

0,5232 

0,532? 

19,0 

0.4872 

0.494® 

18.0 

0.4555 

0.4572 

17.0 

0.4237 

0.4197 

16.0 

0,3817 

0, 3824 

15.0 

0.34.36 

0.3454 

14.0 

0,3104 

0.3091 

13.2 

0,2765 

0.28C5 

17.5 

0,2570 

0.2561 

11.8 

0,2351 

0.232? 

11.2 

0,2124 

®.?122 

10.6 

0.1915 

0.192® 

10,0 

0,1705 

0.1740 

9.5 

0,1561 

0.1589 

9.0 

0,1424 

0.1442 

8.5 

0.1331 

0.1301 

8.0 

0,1188 

0. 1165 

7.5 

0, 1063 

0.1035 

7.1 

0,0942 

0.0936 

6.7 

0,0840 

0.CS47 

6,3 

0,0746 

0.0751 

5.9 

0,0678 

0.06 66 

5.6 

O,0oC3 

0.06C5 

5.3 

0,0539 

0.0546 

5.0 

0,0503 

0.0491 

4.8 

0.04S7 

0.0455 

4.5 

0,0534 

1.0404 

4.2 

0,0388 

0.0357 

4.0 

0,0310 

9.0327 



ABSORPTION COEFFICIENT (db/m) 



T^ ''PKRAillKK 

ABSnwPTrON OK sound 
= 286.7 K rflattve: 

IN AJ R 

RU'"I['ITY = 60.2 ' 

FRKoI'EriCY 

UFASURtO ABS 

PPEDICTKU 

f KWZ1 

(D9/P) 

(DB/P) 

inn.o 

3.0403 

3.1420 

95. f' 

2,8475 

’.OtOB 

90.0 

2,6951 

7. 9020 

P5.0 

2.5414 

7. 6391 

R (1 . 0 

2,3864 

2 .43 04 

75.0 

2.2508 

2. 3252 

71.0 

2.1094 

7.2031 

67.0 

1.9894 

2.0321 

6 3.0 

1,8480 

1.0616 

59.0 

1 ,7468 

1.3410 

56.0 

1,6510 

1.7500 

53.0 

1.5443 

1.6570 

50.0 

1.4415 

1. 5646 

4P.0 

1.4045 

1. 5013 

45.0 

1,3236 

1,4047 

47.0 

1 .2107 

1.3055 

40.0 

1.1544 

1.2373 

37.5 

1 ,1809 

1.1511 

35.4 

1.101b 

1 .076c. 

3i.4 

1 .0066 

1.0040 

31.5 

0,9266 

0.9336 

?9.7 

0,8529 

7.3653 

2H.0 

0,785b 

0. 8CC9 

26.. S 

0,7265 

0.7429 

25.0 

0.6789 

0.6846 

24,0 

0,6413 

3.6456 

22.0 

0.5531 

0.5675 

21,0 

0,5139 

0.5267 

20.0 

0,4824 

0.4901 

19,0 

0,4431 

0.4519 

19.0 

0.4103 

0.4141 

17,0 

0,3702 

0.3770 

16,0 

0,3344 

0. 54C7 

15.0 

0,3039 

0.3053 

14.0 

0,2681 

0.2710 

13.2 

0.2423 

0.2445 

12.5 

0,2252 

0,22 20 

11.8 

0,1938 

0.20C3 

11,2 

0.1768 

o. 1824 

10.6 

0.1627 

0.1651 

10.0 

0.1424 

0. 1484 

9.5 

0,1315 

0. 1351 

9.0 

0,1250 

0.1273 

8.5 

0,1118 

O.llCl 

R.O 

0.0993 

0.0984 

7.5 

0.0878 

0.0873 

7.1 

0,0791 

0.0789 

6.7 

0.0692 

0.07 09 

6.3 

0,0619 

0.0632 

5.9 

0.0554 

0.C560 

5.6 

0,0504 

0.G5C9 

5,3 

0,0442 

0.0460 

5.0 

0,0410 

0.0414 

4.8 

0,0322 

0.0385 

4.5 

0,0353 

0.0342 

4.2 

0,0347 

3.03C3 



ABSORPTION COEFFICIENT (db/m) 


143 


AHSOBPTION OF SOUND IN AIP 


TF.MPFRATORK 

=288,7 K RELATIVE 

humidity = 69. 1 

FREOUENCY 

measured AHS 

PREDICTI 

(KHZ) 

(UP/M) 

(DB/H) 

lOO.O 

3,3304 

3.3617 

95,0 

3,1390 

3.1785 

90,0 

2.9544 

2. 9995 

85,0 

2.7988 

2.8240 

80,0 

2*6711 

2.6514 

75,0 

2.4804 

2.48C9 

71,0 

2,3303 

2.3452 

67,0 

2,1959 

2.2096 

63,0 

2.0408 

2.0734 

59,0 

1.9061 

1.9359 

56,0 

1 .8083 

1.8316 

53.0 

1.7401 

1 .7258 

50,0 

1.5718 

1.6183 

48.0 

1,5095 

1, 5455 

45.0 

1,4138 

1.4345 

47.0 

1 .2881 

1.3211 

40.0 

1 .2560 

1.2442 

37.5 

1,2129 

1. 1467 

35.4 

1.1310 

1.0635 

33.4 

1.0335 

3.9835 

31.5 

0.924U 

0.9069 

28.7 

0.8463 

3.8340 

28.0 

0.7732 

3.76.51 

26.5 

O.708o 

3. 7C45 

?5.0 

0,6470 

■3.644 2 

24.0 

0.6063 

3. <,043 

22.0 

0.5172 

3. 5257 

21.0 

0.4771 

0.487? 

20.0 

0,4468 

1.44 0'» 

19.0 

0,4066 

3.4121 

18.0 

0,364b 

3.2753 

1 7.0 

0.3331 

3.3404 

16.0 

0,3037 

3. 3061 

15.0 

0.2737 

3.2731 

14.0 

0.2391 

3.2413 

13.2 

0,2159 

1.217C 

12.5 

0, 1 920 

3. 1965 

11.8 

0.1774 

3.1763 

1' .2 

0.1622 

16C7 

10,6 

0,1413 

3.1451 

10,0 

0.1362 

3.1333 

9.5 

0.1183 

3.11=5 

9.0 

0.1042 

3. 10 72 

8.5 

0.0958 

3.0364 

8.0 

0,0865 

3.CB61 

7.5 

0,0786 

3.0764 

7.1 

0.0697 

3.06 93 

6.7 

0.0621 

). C62C 

6.3 

0,0543 

9.0554 

5.9 

0.0481 

3.0491 

5.6 

0.0442 

3.C447 

5.3 

0,03°6 

1.0405 

5.0 

0,0387 

1 .0365 

4.H 

0.0337 

■3. C329 

4.5 

0.0324 

).C3('3 

4.2 

0,0266 

3.0269 

4.0 

0.0249 

). ('24-' 



ABSORPTION COEFFICIENT (db/m) 



I 


TEMpEKATlIRE 

ftHSORP'l'ION OF SOUND 
=288.7 K RELATIVE 

IN AIR 

HUMIDITY' = 79.3 1 

frequency 

measured abs 

predicted 

(KHZ) 

(DB/H) 

(DB/M) 

loo.o 

3.5265 

3.5501 

95,0 

3,3175 

3.3549 

90.0 

3.1205 

3. 1628 

85,0 

2.9485 

2.9730 

80,0 

2,8011 

2.7849 

75,0 

2,6056 

2 . 59 74 

71.0 

2.4276 

2.44 74 

67.0 

2.2831 

2.2966 

63,0 

2,1045 

2. 1446 

59.0 

1.9572 

1 .9908 

56.0 

1.8467 

1. 8740 

53.0 

1.7117 

1. 7558 

50.0 

1,5857 

1.6359 

48.0 

1.5258 

1.5551 

45.0 

1.4138 

1.4326 

42.0 

1.2722 

1.3085 

40.0 

1.2502 

1.2250 

37.5 

1.1981 

1.1201 

35.4 

1.0990 

1.0317 

33.4 

0.9893 

0.9475 

31.5 

0.9141 

0. 8678 

29.7 

0,8375 

0.7928 

28,0 

0.7378 

0.7227 

26.5 

0,6715 

0.6617 

25.0 

0,6047 

0.6017 

24.0 

0,5612 

• 0.5623 

22,0 

0.4816 

0.4855 

21,0 

0,4508 

0.44 83 

20.0 

0.4229 

0.4119 

19.0 

0.3761 

0.3765 

18,0 

0,3440 

0,3422 

17.0 

0,3018 

0.3089 

16,0 

0.2700 

0.2770 

15.0 

0.2324 

0.2463 

14,0 

0.2209 

0.2171 

13.2 

0.1932 

0. 1948 

12.5 

0.1714 

0. 1761 

11.8 

0,1525 

0.1583 

11.2 

0.1449 

0.1437 

10.6 

0,1282 

0. 1297 

10.0 

0.1127 

0.1163 

9.5 

0.1034 

0.1057 

9.0 

0,1232 

0. 0956 

8.5 

0.0894 

. 0.0860 

8.0 

0,0759 

0.0769 

7.5 

0.0671 

0.06 82 

7.1 

0,0621 

0.0617 

6.7 

0,054S 

0.0555 

6.3 

0.0490 

0.0496 

5.9 

0.0435 

0.0441 

5.6 

0.0421 

0.0402 

5.3 

0,0349 

0.0365 

5.0 

0.0331 

0.0329 

4.8 

0.0312 

0.0307 

4.5 

0.0284 

0.0275 

4.2 

0.0291 

0.0245 

4.0 

0.024? 

0.0226 





ABSORPTION COEFFICIENT (db/m) 



PHIJ. ' ' - 


temperatuhe 

absorption or sound 

■288.7 K RELATIVE 

IN AIR 

HUMIDITY ■ 89,3 ! 

ereouency 

MEASURED ABS 

PREDICTED 

(KHZ) 

(DB/M) 

(DB/M) 

lOO.O 

3.5711 

3.7109 

95.0 

3,3637 

3.5020 

90.0 . 

3.1444 

3.2951 

80.0 

2.8702 

3.Cfl96 

75,0 

2,5550 

2. 8847 

7J.0 

2,3495 

2.6797 

67,0 

2.0030 

2.5150 

63.0 

1.9710 

2.3493 

59,0 

1,8227 

2.1822 

56.0 

1,6907 

2.0134 

53.0 

1.5341 

1.8856 

50.0 

1.4034 

1.7568 

48.0 

1.3375 

1.6269 

48.0 

1.3375 

1.5399 

45.0 

1.2142 

1.4087 

42.0 

1,0848 

1.2772 

40.0 

1,1425 

1.1896 

37.5 

1.1471 

1.0804 

35,4 

1.0284 

0.9894 

33.4 

1 .0480 

0.9035 

31.5 

0.8392 

0.8230 

29.7 

0,7529 

0.7479 

28.0 

0,6906 

0.6'784 

26,5 

0.6128 

0.61 84 

25.0 

0,5370 

0.5599 

24,0. 

0.4983 

0.5218 

22.0 

0,4268 

0.4481 

21,0 

0.4047 

0.4127 

20.0 

0,3680 

0.378? 

19, O’ 

0.3388 

0.3449 

18.0 

0,3084 

0.3127 

17,0 

0,2692 

0.2817 

16,0 

0,2385 

0. 2520 

15,0 

0,2223 

0.2237 

14,0 

0,1971 

0.1968 

13.2 

0.1690 

0.1764 

12.5 

0.1591 

0. 1594 

11.8 

0.1424 

0.1431 

11.2 

0,1271 

0. 1298 

10.6 

0,1157 

0.1172 

Ifl.O 

0,1006 

0.1051 

9.5 

0,1016 

0.0955 

9.0 

0,0887 

0.0864 

8.5 

i 0,0776 

0.0778 

H.O 

0,0726 

0. 0696 

7.5 

0.0620 

0.0618 

7.1 

0,0588 

0.056C 

6.7 

0,0494 

0. 05 C4 

6.3 

0.0447 

0.04 52 

5.6 

0.0448 

0.0367 

5.3 

0.0323 

0.0334 

5,0 

0,0314 

0.0303 

4.8 

0.0245 

0.0283 

4.5 

0,0374 

0.0254 

4.2 

0.0233 

0.0227 

4.0 

0.0248 

0.0211 



ABSORPTION COEFFICIENT (db/m) 


temperature 

ABSORPITUU OF SOUND 
=294.3 K relative 

IN AIR 

HUMIDITY * 0,0 ' 

EBEqIJENCY 

MEASURED ABS 

PREDICTED 

(KHZl 

(DB/M) 

(OB/M) 

loo.o 

1.6008 

1. 6C71 

90.0 

1.4596 

1 

80,0 

1 .0390 

I. 02 65 

71.0 

0.9573 

3. 80 88 

83,0 

0.6578 

'>.6371 

56,0 

0.6175 

0'.'5C37 

50,0 

0.4100 

0.401 >' 

45.0 

0.4560 

3.3257 

40.0 

0.3027 

0. 2577 

35.4 

0.2266 

3.2021 

31,5 

0.1670 

0.1603 

28,0 

0,1266 

3. 1270 

25,0 

0,0884 

3.101'^ 

22,0 

0.0719 

0.0789 

20,0 

0,0657 

3. 0655 

18.0 

0.0574 

3.0533 

16.0 

0.0395 

0.0424 

14.0 

0,0346 

0. 0328 

12.5 

0.0253 

0.0264 

11,2 

0,0221 

0.0215 

10.0 

0.0218 

0.0174 

9.5 

0.0182 

0.0159 

9.0 

0,0145 

0.0144 

8,5 

0.0153 

0.0130 

8.0 

0.0119 

0.0117 

7.5 

0.0105 

0.0104 

7.1 

0.0100 

0. 0095 

6.7 

0,0083 

0.0086 

6.3 

0,0078 

0.00 73 

5.9 

0,0074 

0, C070 

5,6 

0,0062 

3.0064 

5,3 

0,0056 

0.00 59 

5.0 

0.0048 

0.0054 

4,8 

0.0093 

0.0051 

4.5 

0.0058 

0.0046 

4.0 

0,0030 

0,0040 


Additional data la given In Appendix A. 2. Meaaurenenta 
were not taken at the nlaslng frequencies. 



ABSORPTION COEFFICIENT (db/m) 





ABSORPTION OF SOUND 

IN AIR 

TEMPERATURE 

■294.3 K RELATIVE 

HUMIDITY ■ 10.1 

PREQUENCT- 

MEASURED ABS 

PREDICTED 

(KHZ) 

(DB/H) 

(DB/M) 

100,0 

1.7763 

1.8841 

95,0 

1.5994 

1 .7278 

90,0 

1.4671 

1.5796 

65,0 

1.3533 

1. 4393 

60,0 

1 .2437 

1.3070 

75,0 

1.1399 

1.1827 

71,0 

1.0152 

1.C890 

67,0 

0,9518 

1.0004 

63,0 

0,8626 

0.9169 

59,0 

0.7758 

0. 8385 

56,0 

0.7250 

0.7830 

53,0 

0.6658 

0.7304 

50,0 

0.6131 

0.68C6 

48,0 

0,5886 

0.6489 

45,0 

0.5769 

0.6038 

43,0 

0.5231 

0. 5614 

40,0 

0,5058 

3.5348 

37,5 

0,4414 

3.5031 

35,4 

0.4517 

0.4779 

33.4 

0,4340 

0.4552 

31,5 

0.4207 

0.4346 

29,7 

0,4000 

0.4161 

28.0 

0,3930 

0. 3994 

26,5 

0,3681 

0.3852 

25,0 

0,3444 

0.3716 

24.0 

0,3365 

0.3629 

22.0 

0,3185 

0.34 59 

21.0 

0,3143 

3.3376 

20, () 

0,2908 

0.3295 

19.0 

0,2992 

0,3215 

18.0 

0.2893 

3.3135 

17.0 

0,2719 

3.3055 

16,0 

0,2684 

3.2974 

15,0 

0,2676 

3.2892 

14.0 

0.2866 

3.2806 

13.2 

0.2593 

3.2735 

12.5 

0.2375 

0.2669 

11.8 

0,2472 

0.2599 

11.2 

0.2228 

0.2536 

10.6 

0.2363 

0.2469 

10. 0 

0.2332 

0.7396 

9.5 

0,2084 

0.2331 

9.0 

0.2093 

0. 2260 

6,5 

0,2043 

0.2194 

8.0 

0,1978 

0.2102 

7.5 

0,1861 

0. 2012 

7.1 

0,1822 

0.1934 

6.7 

0,1733 

0.1849 

6.3 

0,1677 

0.1759 

5.9 

0,1569 

0.1661 

5,6 

0,1533 

0.1583 

5.3 

0,1545 

0. 1500 

5,0 

0,1455 

0. 1413 

4,8 

0,1453 

0.1352 

4,5 

0,1270 

0. 1258 

4.2 

0.1179 

0. 1159 

4.0 

0.1103 

0,1092 

4.0 

0,1103 

0.1092 



ABSORPTION COEFFICIENT (db/m) 


I 


TKUPKKATURK 

AnsoRPiju" I1F snijNo 
=294.3 5 KFLMTVE 

IN AIR 

HUMUUTY = 19.9 


MFASURED AbS 

PREDICTEU 

fKHii) 

ctm/b) 

(DB/M) 

100,0 

7.2724 

’.'313? 

95.0 

7.1049 

2.1607 

90.0 

1 .9494 

2. Din 

05. 0 

1 ,931 1 

1. 9690 

80.0 

1,6374 

1.7346 

75.0 

1 ,5/09 

1 .6079 

71.0 

1.455b 

1.5119 

h7,0 

1.3693 

1.42C5 

0 3.0 

1.2669 

1.3337 

59,0 

1.147 3 

1.2514 

50.0 

1.1130 

1. 1925 

5.3,0 

1 .0527 

1. 1350 

5 0,0 

0.9796 

1 .0813 

48.0 

0,9659 

1.04 61 

45.0 

0,9448 

0. 9043 

4 7.0 

0.9852 

0.9451 

4 0,0 

0,9548 

0.0r27 

37.5 

0,9434 

0.8723 

35.4 

0,7851 

).B395 

33.4 

n.7453 

0, 9079 

31.5 

0.7237 

0. 777.6 

29.7 

0,6768 

■3.74 35 

28.0 

0,6590 

0. 72 03 

25.5 

0,6133 

0.6947 

25.0 

0.5912 

0.6632 

24,0 

0,5631 

3. 6499 

27.0 

0,5461 

9.6113 

21.0 

0,5277 

0v590S 

20.0 

0,5207 

0 . 5594 

|9.0 

0,4954 

0.5470 

18,0 

0,4815 

0.52 34 

n.o 

0,4539 

0.49 84 

18,0 

n,44i 0 

0.4721 

15.0 

0,4199 

0 .4442 

1 4.0 

0.3928 

0. 4146 

13.2 

0,3814 

0.3397 

17.5 

0.3571 

0.3671 

11.8 

0,3390 

0.3436 

11.2 

0,3233 

0.3228 

10.5 

0.3018 

0.3015 

10.0 

0.2921 

0.2797 

9.5 

0,2676 

0.2612 

9.0 

0.2494 

0.24 25 

8.5 

0.2323 

0.2236 

9.0 

0,2147 

0.2046 

7.5 

0,1982 

9.1357 

7.1 

0.1829 

9. 1705 

6,7 

0,1683 

0.1557 

6.3 

0,1526 

0.1409 

5.9 

0,1405 

0.1265 

b.b 

0,1282 

0.1159 

5.3 

0.1174 

0.1056 

5.0 

0,1104 

0. 0955 

4.9 

0,1040 

0.0890 

4.5 

0,0868 

0.0795 

4.2 

0,0798 

0. 0703 

4.0 

0,0730 

0.0645 



ABSORPTION COEFFICIENT (db/m) 



temperature 

ABSORPTION OF SOUND 
■294.3 K RELATIVE 

IN AIR 

HUMIDITY « 30.3 i 

FREQUENCY 

MEASURED ABS 

PREDICTED 

(KHZ) 

(DB/M) 

(OB/M) 

100.0 

2.7082 

2.3033 

95,0 

2.5421 

2.6410 

90,0 

2i3886 

2.4853 

B5.0 

2,2537 

2.3363 

80.0 

2.1175 

2.1938 

75,0 

2,0013 

2.0573 

71,0 

1.8622 

1.'0523 

67.0 

1.7918 

1.8505 

63,0 

1.6854 

1.7516 

59,0 

1.5650 

1.6552 

56.0 

1,5134 

1.5841 

53.0 

1.4412 

1. 5136 

50. 0 

1,3609 

1.4435 

48.0 

1,3351 

1.3967 

45.0 

1.3087 

1.3260 

42,0 

1.2153 

1.2542 

40.0 

1,1787 

1.2053 

37,5 

1.1144 

1.1426 

35.4 

1,0796 

1.0882 

33.4 

1,0088 

1.0346 

31.5 

0.9494 

0.9818 

29,7 

0.8816 

0.0297 

28,0 

0.8416 

0. 8784 

26.5 

0.7964 

O.S315 

25.0 

0.7589 

0.7827 

24,0 

0.7218 

0. 7491 

22.0 

0.6626 

0.6705 

21.0 

0,6306 

0.6434 

20,0 

0,5951 

0.6064 

19.0 

0.5466 

O.S6'87. 

18,0 

0.5350 

0.5303 

17,0 

0.4893 

0.4913 

16,0 

0.4642 

0.4518 

15,0 

0.4275 

0.412! 

14.0 

0.3862 

0.3722 

13.2 

0,3431 

0.3404 

12.5 

0,3266 

0.3127 

11.8 

0,2982 

0.2854 

11.2 

0.2805 

0.2623 

10,6 

0.2573 

0.2395 

10.0 

0,2341 

0.2173 

9.5 

0.2)32 

0.1991 

9.0 

0.1963 

0.1815 

8,5 

0,1784 

0. 1643 

8.0 

0,1599 

0.1477 

7.5 

0.1450 

0.1317 

7.1 

0,1320 

0. 1194 

6.7 

0.1176 

0.1075 

6.3 

0.104.7 

0.09 62 

5.9 

0.0962 

0.0853 

5,6 

0.0856 

0.0776 

5.3 

0.0779 

7.0702 

5.11 

0,0739 

0.0631 

4.8 

0.0680 

0.0585 

4.5 

0,0585 

0.052O 

4.2 

0,0514 

0.04 59 

4.0 

0.0485 

0.04 20 



ABSORPTION COEFFICIENT (db/m) 





Tl'. 'ipf* h* MMF 

3 f, uv i,fi [ 1 

MO^xon’-i - 

n/F(-l<h -^CY 

KFi^SllUK.O fltiS 

pFt rMC’J V[j 

f Z1 

(im/r-3 

CoH/'-i) 

1 O'- , r 

■j . n 0 n [j 

3.2133 

Q s , •> 




? . T S i « 

■’.7731 


7 • ^ 3 4 b 

2 . 7 !<• A 

n n . 0 

? • 4 S ^ ' 1 

'’.3 5^4 


■7. ^ 37h 

7 . 'fO 4 - 

-M .0 

7.1 

2.2ft37 

nV.J 

7,')HW7 

2. U 42 


1 .4^'7 7 

'*.0454 

^ , 0 

1 • ^ 4 2r? 

1 .*'^2 64 

Sh, n 

1 . 7 r.it> 

1 . P3f 

s , »> 

1 ,SS4 J 

1.7461 

SO , 0 

t ,s ns 

1 .6 5-30 

4M,o 

) .'^41 3 

1. ooi/t 

/IS.O 

1 , 'l'»4ln 

1. 4.0 S6 

/iV,5> 

1 . 3 / H n 

1.3Sfo 

, i> 

1 . 

1 .3?9'> 


\ ,?n2 

1.747? 

^S,4 

1 . 1 y 2 

1. 166:3 


1 , mj y »} 

1. 0930 

< 1 . ‘> 

1 , n 4 <1 7 

1 .0210 

?'i. ' 

|1 1 

0, QS 10 

■; ■' , 

■1 , K‘H s 

0.3035 



■0 . ? 2 7 0 


7 M 3 

?. 76 14 


'1,7 3 ij 

0.7200 

P7.<- 

0 ^ K 1 f^ M 

0 ,63fcC 

■/ 1 . ■•■ 


0, 5943 

' 

o . S s H /! 

O.SS -0 

1 0,0 

0 , SijHH 

o.sin 

1 ^ , t) 

i'l , -1 ‘ns 

0, 47C0 

l7.n 

n , 1 s 0 4 

0.42^1 

1 h.n 

1 ' , 4 0 7 S 

1.3349 

15." 

■*>. 3o31 

A. 349 s 

1 't , " 

'■■.3223 

0.3111 

n.2 

« 3 1.1 1 ^ 

0 . ? 1 ? 

1?.5 

^>.7704 

0. ?SS9 

1 1 . *1 

0 , 7 4^' 1,1 

0.2313 

1 1.2 

1 ,V'272 

: .210° 

1 0.r> 

o,7i;SS 

0.1911 

1 n . (1 

■I . 1 ■-)<>>■) 

J.1721 

'l.S 

0 , I h 1 7 

0 . 156P 

') . li 

‘ • 1. 5 2 0 

1421 

K ,S 

i*.r37H 

0.1230 

K . ') 

(',12 33 

0.1143. 

7.5 

, U 0 4 

0. 1017 

7.1 

r 'l , A Q 0 1 » 

0.0920 

f, . 7 

(' . (^ S 4 0 

-0 .0B26 

5.3 

o,(mnj) 

0, C73S 

5." 

0 , 0 7 1 3 

0.0654 

5 . 5 

t* , Of>4 2 

0.0595 

5.3 

0 , 0 b s y 

0 . 0 5 ? 

5.0 

n,ns4.3 

0 . 04,94 

a.H 

0,<>S3b 

0 -0449 

'i.b 

n , 04 hS 

0. C4C0 

4.2 

n , 0 .3 H 3 

0.0354 

4.P 

0,0361 

0 .0? ,?5 



ABSORPTION COEFFICIENT (db/m) 



tempfrature 

ABSOHPlrOdl OF SOUNU 
=294,3 R RELATIVE 

IN AIR 

humidity s 49,8 ' 

FHEO'IENCY 

MEA.SURED AB5 

PRE?;irTED 

tKHZ) 

tOB/M) 

CDB/M) 

100,0 

3.5268 

?. 58?0 

OS.O 

3.3360 

^.3932 

90,0 

3,1545 

3.2032 

05,0 

3.0002 

3. 02^3 

80,0 

2.8278 

2.8466 

75,0 

2,6702 

2.6682 

71,0 

2,5110 

2.82=8 

87,0 

2.3846 

2. 3P23 

53,0 

7.2457 

2.2387 

59,0 

2.0917 

■^,092'5 

55,0 

7.0029 

1 . "5812 

53,0 

1.8750 

1.8690 

50,0 

1,7497 

1.7526 

aH,o 

1.6963 

l.67'f3 

45,0 

1,6094 

1. =546 

47.0 

1 .4826 

1.4322 

40,0 

1.4072 

1 ,3490 

37.5 

1,2975 

1.2433 

35.4 

1 .-2078 

1. 1531 

33.4 

1 ,1024 

1.0663 

31.5 

1 ,02o3 

3.9831 

?9.7 

0.9143 

0. 9C40 

7 0.0 

0.8530 

9.829? 

75.5 

0,7756 

9.76 33 

25.0 

0,7208 

0. 6979 

24.0 

0.6752 

0.6546 

22.0 

0,5796 

0.5693 

2 ) , 0 

0.5408 

3. 5275 

20.0 

o.5o47 

0.4R64' 

19.0 

0.4634 

0.4461 

18.0 

0.4236 

0. 4063 

17,0 

0.3740 

0 . ?683 

14,0 

0,3471 

9.3313 

15.0 

0.3137 

0. 2955 

14.0 

0.7749 

9.2612 

13.2 

0.2433 

9 .'’349 

12.5 

0.2197 

0.2127 

1 1.8 

0,2007 

0.1915 

11,2 

0,1841 

9.1740 

1 0,4 

0 . 1 646 

•9. 1 = 72 

1 0.0 

0.1449 

0.1412 

9.5 

0,1332 

0 . 1 2 84 

9.0 

0 . 1 2 1 4 

116? 

H.5 

0 . 1 o87 

104S 

8.0 

o,09°2 

9 .0935 

7.5 

O.OyTo 

j. C890 

7.1 

0 , 0 8 1 4 

0,07=0 

h , / 

0,0700 

J.9675 

4.3 

0.0629 

0. 06P3 

5.9 

0.0577 

9.0535 

5.0 

('.0515 

9.0483 

5.3 

0 , 0471 ; 

9. C44? 

5.0 

0,0455 

9.0390 

4.8 

1.1 , 0 4 G 8 

1 .03'''! 

4.5 

0,0333 

9 . 0 3 ? 3 

4.2 

0.0325 

9 . 0 ;; 96 

• 1.0 

11,0283 

9.9:"^3 



ABSORPTION COEFFICIENT (db/m) 




AOSORPITUH t'F SOUND 

IN AIP 

TKMPEkATUHE 

=294,3 K KFLAXIVE 

HUMIDITY = 60,0 ! 

FREOlifcHCY 

mfasuplii ABS 

pHhPlCTKD 

(KHZ) 

(DH/M) 

(DB/M) 

loo.o 

3.7989 

3.8762 

4S.U 

3,6059 

3.6667 

90.0 

3.3930 

3. 459? 

05. 0 

3,2229 

3.2529 

BO.o 

3.0285 

3.04 7') 

75.0 

2.8449 

2.B405 

71,0 

2,6561 

2.6742 

A7.0 

2.5140 

2. 5064 

63.0 

2.3341 

2.3366 

59.0 

2,1923 

2. 16.43 

56,0 

2.0533 

2. 0333 

53.0 

1.9067 

1.90C5 

50,0 

1.7572 

1. 7562 

4B.0 

1.6994 

1.6757 

45.0 

1.5921 

1.5387 

4?.0 

1.4417 

1 .4005 

40,0 

1.3501 

1.3C79 

37.5 

1.2675 

1.1519 

35.4 

1.1609 

1 .0946 

33.4 

1 ,0561 

1.0023 

31.5 

0.9526 

0.9154 

29.7 

0,8654 

0.8340 

20.0 

0,7920 

0. 7583 

26.5 

0,7098 

0.6927 

25.0 

0,6550 

0.6294 

24.0 

0.6032 

0.5864 

22.0 

0.5193 

0.5049 

21 .0 

0,4800 

0.4656 

20,0 

0.4395 

0. 42 72 

10.0 

0.4117 

0.39C0 

18.0 

0.3691 

0.3540 

17.0 

0.3289 

0.-3193 

16.0 

0,2962 

0.2860 

15.0 

0,2643 

0.2541 

14.0 

0.2292 

0.2238 

11.2 

0.2106 

0.20C8 

12.5 

0.1891 

0.1815 

11.8 

0.1721 

0.1631 

11.2 

0.1546 

0.1481 

10,6 

0.1422 

0.1337 

10.0 

0.1268 

0.12 CO 

0.5 

0.1101 

0. 1091 

9,0 

0.1044 

0.0987 

8.5 

0.0927 

0.0889 

8,0 

0,0825 

0.0795 

7.5 

0.0733 

0.0707 

7.1 

0,0673 

0.0640 

6.7 

0.0603 

0.0577 

6.3 

0.0535 

0.0517 

5.9 

0.0499 

0.0461 

5.6 

0.0436 

0.0421 

5.3 

0,0391 

0.0383 

5.0 

0.0372 

0.0347 

4.8 

0,0374 

0.0324 

4.5 

0.0341 

0.0292 

4.2 

0.0266 

0.0261 

4.0 

0.0214 

0.0242 



ABSORPTION COEFFICIENT (db/m) 




absorption of , sound 

IN AIR 

temperature 

C294.3 K relative 

humidity * 70..2 : 

FREOUENCY 

MEASURED ASS 

PREDICTED 

(KHZ! 

(DB/H) . 

(DB/M) 

100,0 . 

3 , 9994 : 

4.0886- 

95,0 

3.7890, 

3. 8565 

90,0 ^ 

3,5661., 

3.6251 

B5,0 

3,3724 

3.3938 

80,0 . 

3,1589 . 

3.1617 

75,0 , 

2.9457 

2.92 84 

71,0- 

2,7340. 

2.74C4 

67,0 

2.5699 

2,5509 

6 7,0 

2.3800 

2.3597 

59,0 

2.1924 

?. 1670 

56,0 

2.0602 

2.0214 

53,0 

1.9115 

1.8752 

50,0 

1.7446 

1. 7284 

48,0 . 

1,6745 

1.6305 . 

45,0 

1.5718 

1,4830 

42,0 

1.4051 

1. 33 79 

40,0 

1 . 3228 

1.2414 

37,5 

1.2107 

1.1219 

3 5, .4 

1 .0951 

1.0730 

33,4 

0.9821 

r.93C5 

31,5 

0.8794 

0.8443 

29,7 

0,8088 

0.7645 

28,0 

0.7217 

2.6912 

26,5 

0,6543 

0.6282 

25,0 

0,595.5 

7.56 72 

24,0 

0,5352 

0.5277 

22,0 

0,4614 

0.4516 

21,0 

0,4295 

0.4152 

20,0 

0,3908 

0.38CO 

19,0 

0.3563 

0.3460 

18,0 

0.3241 

0.0133 

17,0 

0,2890 . 

0.2819 

16,0 

0,7567 

0.2520 

15,0 

0,7337 

0.2205 

1^,0 

0.2046 

0. 1*^66 

1 1.2 

0.1847 

0. 176? 

12,5 

0.1594 

0.159? 

11.8 

0,14.67 

0. 1430 

11.2 

0,1362. 

0. 1298 

10,6 

0.1209 

0 . 1 1 r? 

10.0 

0,1029 

3. 1053 

9.5 

0,0960 

0.C953 

9.0 

0,0899 

0.0869 

8.5 

0,0796 

■0.0782 

6.0 

0.0731 

O.CTCl 

7.5 

0,0640 

.7. 0625 

7.1 

0,0564 

0 . 0967 

6.7 

0.0518 

0.C813 

6.3 

0.0470 

7.9461 

5.9 

0,0419 

7.0417 

5.6 

0,0390 

0.0378 

5.3 

0,0355 

0.0345 

5,0 

0,0345 

■7.0314 

4.5 

0,0265 

u,«26b 

4.2 

0.0237 

0.0240 
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AB6nRPTlCJK f)P SOUND IM AlH 


TE'-'PPKATUhK 

=294.3 K BKIATIVE 

HUNiniTV = 89.3 ! 

FKEolIht-CY 

MEAROHEO AbS 

PHhiUClEl) 

(KHZ) 

CUH/P) 

(bl1/») 

lon.o 

4.361 1 

4.2990 

0‘S. A 

4.0742 

4 .0269 

nO.O 

3.R266 

3. 7‘=50 

BS.O 

3.5908 

3.4832 

hO.O 

3.3316 

3.2U4 

75. U 

3.0821 

2. 93=5 

71.0 

2.6878 

2. 7224 

67.0 

2.6346 

2.5057 

63.0 

7.3858 

5.2809 

59.0 

2.1591 

2.C756 

56.0 

2.0093 

1.0162 

53.0 

1.8414 

1 .75 86 

50.0 

1 .6649 

1 . 6C31 

4 6.0 

1.6175 

1. 50CO 

45.0 

! ,5o91 

1 .3501 

42.0 

1 .3321 

1.2051 

4 0.0 

1 .2371 

1. 1075 

37.5 

1.0552 

0.06] •» 

35.4 

0,0237 

0. 8965 

33.4 

0.8256 

0. 8C91 

31 .5 

0.7377 

0.7290 

79.7 

0.6949 

0. 6958 

26.0 

0.5980 

0 . 5993 

26.5 

0 ,470U 

0.5330 

25.0 

0.4784 

0.4789 

24,0 

0.4423 

9. 4441 

22.0 

0, 1873 

0.3789 

21.0 

0.3433 

C.9466 

20,0 

0.3177 

0. 31 ‘5 

19.0 

0,7704 

0.28 76 

IP.O 

0.2602 

9,2569 

17.0 

0.2 392 

0. 2335 

16,0 

0.2130 

0.2015 

15.0 

0,1 )K9 

9, I 848 

1 4 . 0 

0,1oJ3 

9. 16 25 

13.2 

0 . 1 S 11 

3.1457 

12.5 

0.1 320 

0.1317 
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0. H 85 
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1 0,6 
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ABSORPTION COEFFICIENT (db/m) 






o\ 


ABSPKPTTUN ok sound in hlH 
temperature *294.3 K RELATIVE HUMIDITY *100,0 % 


frEO'IENCY 

HF.ASURflP ABS 

PREDICTED 

(KHZ) 

(DR/M) 

(DH/M) 

100,0 

4.9022 

4. 33 53 

95,0 

3.7414 

4. C454 

90.0 

4,8403 

i.7‘-55 

85.0 

4,5352 

3.46 77 

80,0 

3,5084 

3. n'i" 

71,0 

3.2350 

7 .tit 75 

87.0 

3.2811 

; . 44'’ 1 

63,0 

3.3328 

.?. 2207 

56.0 

2,6934 

1 . 

53.0 

2,1261 

I . i 8 1 " 

50,0 

1,9625 

1.5265 

48.0 

1,6748 

1.4? 51 

45.0 

1,4608 

1.27 64 

42.0 

1,1002 

U U?4 
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1,1588 

l.OiC) 
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1 .08! 1 

.1.9? 7’ 
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0.9790 

C . 3 6 4 

33,4 

0,8059 
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D .6 7f 3 
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C . * ^ 7 
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8.0 
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7.5 
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7,1 

0.0440 
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6.7 

0.0447 

7.0415 

6.3 
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0.0377 

5.9 

0.0372 

0.0342 

5,3 

0.0440 

0.0253 

5.0 

0.0314 

0.0270 

. 4,8 

0.0318 

7 .025c 

4.2 

0.0401 

0.0215 



ABSORPTION COEFFICIENT (db/m) 



temperature 

absorpiiun of sound 
x299.8 K relative 

IN AIR 

HUMIDITY = 0,0 1 

EREoMENCY 

HEA.9URED ADS 

PREDICTED 

(KHil) 

fDB/N) 

(DB/M) 

lOOf 0 

1,7543 

1.6183 

95.0 

1.5488 

1 .4606 

90.0 

1.4105 

1.3111 

B5.0 

1,2694 

1.1696 

BO.O 

1,1588 

1.0363 

75.0 

1,1840 

0.9110 

71.0 

1.0557 

0.8165 

67.0 

0,8426 

0. 7273 

63.0 

0,7292 

0.6432 

59.0 

0,6269 

0.5643 

56.0 

0.5767 

0.5086 

53.0 

0.5073 

0.4557 

50.0 

0,4363 

0.40 97 

48.0 

0.4176 

0.3740 

45.0 

0.3928 

0.3299 

42.0 

0,328b 

0.2867 

40.0 

0.3087 

0. 2602 

37.5 

0.2739 

0.2289 

35.4 

0.2203 

0.2041 

33.4 

0.1963 

0. 1819 

31 ,5 

0.1722 

0.1620 

29.7 

0.1489 

0.1442 

28.0 

0.1351 

0. 1283 

76,5 

0.1161 

0.1151 

25.0 

0.1111 

0. 1036 

24.0 

0,0950 

0.0947 

22,0 

0,0812 

0.0799 

21.0 

0.0747 

0.0728 

20.0 

0.0708 

0.0662 

19.0 

0.0657 

0.0599 

18.0 

0.0512 

0.0939 

IV.O 

0,0498 

0.04 93 

16.0 

0.0454 

0.C4 29 

15,0 

0,0364 

0.03 79 

14.0 

0.037b 

C1.0332 

13.2 

0.0335 

0.0297 

12.5 

0.0284 

0.0268 

11 .8 

0.0271 

0.0241 

11.2 

0.0232 

0.0213 

10.0 

0.0214 

0.01 97 

m.o 

0,0196 

0.0177 

9.5 

9.0131 

0.C161 

9.0 

0,0165 

0.0146 

8,5 

0.0150 

0. 01’2 

8 , 0 

0,0125 

0.0119 

7.5 

0.0139 

0.0106 

7.1 

0, Cl 103 

0. 0097 

6.7 

0.0114 

o.ocsn 

6.3 

0,0067 

•0.00 80 

5.9 

0.0077 

0. CC7? 

5.6 

0.0077 

0.0066 

5.3 

0.0063 

0.0061 

5.0 

0,0062 

0. 0066 

4.8 

0.0119 

0.0053 

4.5 

0,0r)47 

0.0043 

4.2 

0,0057 

0. 0C44 

4.0 

0.0>>52 

■0.0041 



ABSORPTION COEFFICIENT (db/m) 



TE'IpKHAI MHF; 

ARSnKPTTUw nr SnUND 
= 299,8 K HFIiATIVE 

IH AIB 

HUMinlTY = 9,7 

FHITOMENCY 

HEASUREI) ABS 

PREDICTED 

CKHZJ 

CDB/M) 

ODB/M) 

lon.ri 

2.0320 

7.0G6D 

P5.0 

1.8988 

1. 92P0 

90.0 

1.7664 

1.7781 

85,0 

1.6170 

1 .6362 

80,0 

1.5217 

1. 5C?4 

75,0 

1.4099 

1. 3764 

71.0 

1.2622 

1.2814 

87.0 

1 .0650 

1,1915 

63,0 

1.0928 

1. 1C66 

69.0 

0.9872 

1.0267 

66.0 

0.9435 

0.9701 

63,0 

0,8640 

0.916-> 

60,0 

0.7681 

0.8650 

48.0 

0.7682 

0. 83 24 

45.0 

0.7348 

0. 7886 

42.0 

0.6669 

0.7414 

40.0 

0.6422 

0. 7134 

37.5 

0.6536 

0. 6797 

35.4 

0.6144 

0.6527 

33.4 

0.570b 

0.6279 

31.5 

0.5463 

0. 6050 

29.7 

0.5168 

0.5840 

28.0 

0.4064 

0.5646 

26.5 

0.4541 

0. 5477 

25.0 

0.4475 

0.5309 

24.0 

0.4378 

0. 5198 

22.0 

0.4198 

0.4972 

21.0 

0.4035 

0.4057 

20.0 

0.4046 

0.4740 

19.0 

0.3965 

0, 4619 

18.0 

0.3838 

0.4493 

17.0 

0.3711 

0.4361 

16.0 

0.3572 

0. 4222 

15.0 

0.3528 

0.4073 

14.0 

0.3398 

0.3912 

13.2 

0.3281 

0. 3773 

12.5 

0.3194 

0.3643 

11.8 

0.3094 

0. 3502 

11.2 

0.2974 

0. 3374 

10.6 

0.2948 

0.3236 

10.0 

0.2796 

0.30 88 

9.5 

0.2713 

0. 2957 

9.0 

0.2629 

0.2819 

8.5 

0.2504 

0.2672 

8.0 

0.2392 

0. 2516 

7.5 

0.2258 

0.23 52 

7.1 

0.2171 

0.2214 

6.7 

0.2048 

0.2071 

6.3 

0.1932 

0. 1923 

5.9 

0.1797 

0.1770 

5.6 

0.1705 

0. 1653 

5.3 

0,1596 

0.1534 

5.0 

0,1486 

0.1414 

4.8 

0,1467 

0. 1333 

4.5 

0,1297 

0.1212 

4.2 

0.1195 

0.1091 

4.0 

0.1099 

0.1011 



ABSORPTION COEFFICIENT (db/m) 





temperature 

absorption of sound 
>299.8 K RELATIVE 

IN AIR 

HUHIDITI E 2D.2 ' 

FREoUENCT 

(MEASURED ABS 

PREDICTED 

(KHZ) 

(DP/H) 

(DB/M) 

loo.o 

2.7377 

2. 83 24 

95.0 

2.5308 

2.6692 

90.0 

2.3933 

2.5132 

85.0 

2,2418 

2.3642 

80^0 

2,1240 

2.2219 

75.0 

2.0133 

2.0861 

7t.O 

1.8643 

1.9817 

67.0 

1,7916 

1.8810 

63.0 

1,6822 

1 .7834 

59.0 

1,5751 

1.68S6 

56.0 

1.5238 

1.6189 

53,0 

1 .4380 

1.5502 

50.0 

1.3601 

1.4820 

48,0 

1.3431 

1 . 43 66 

45.0 

1.3037 

1.3683 

42.0 

1.2228 

1.2991 

40. 0 

1,1970 

1.2521 

37.5 

1.1405 

1.1918 

35.4 

1 ,0950 

1. 1396 

33.4 

1.0261 

1.0880 

31.5 

0.9751 

1.0370 

29.7 

0,9243 

0.9866 

28.(1 

0.8829 

0.9368 

26,5 

0.8349 

0.8909 

25.0 

0.7891 

0. 8429 

24.0 

0.7660 

0.8097 

22.0 

0,7089 

0.7401 

21.0 

0,6764 

0.7C37 

20.0 

0,6465 

0.6652 

19.0 

0.6196 

0.6276 

18.0 

0.5874 

0. 5880 

17.0 

0,5530 

0.5475 

16.0 

0.5107 

0.5060 

15.0 

0,4774 

0.4638 

14.0 

0,4377 

0.4211 

13.2 

0,4092 

0.3368 

12.5 

0.3823 

'1. 3567 

11.8 

0,3512 

0. 3267 

1 1.2 

0.3249 

0.3012 

10.6 

0.3057 

0,2759 

10.0 

0,2729 

0.2510 

9.5 

0,2552 

0.2307 

9.0 

0.2357 

0. 2107 

8,5 

0.2152 

0.1912 

fi.O 

0,1 946 

0.1723 

7.5 

0.1745 

0. 1530 

7.1 

0,1588 

0.1398 

6.7 

0.1435 

).176I 

6,3 

0.12fi'2 

0. 1130 

5.9 

o.ino 

0. 100/, 

5.6 

n. 1 059 

).0013 

5.3 

0.0952 

0. r°27 

5,0 

0,0885 

0.0744 

4,8 

0.0842 

0 . 06 90 

4.5 

O,0b8b 

0, 0614 

4.2 

0.0644 

o.0‘=4? 

4.0 

'1.057? 

7 .0496 


Zio. 
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itilSnBPITuv n|.- snijMu 

IM AlH 


= 299. U B UHiA'JIVfc; 

HimiDJTV = 30.5 

FPIr;otiK.''H;Y 

l•lEASUIlt.i1 ahs 

I'BtPirTKI) 


riiB/i' j 

(PP/M) 

lO'l.P 

3.3674 

3. 51C2 

‘IS . 11 

3.1633 

3 . 330n 


3,Oi.'44 

3.1547 

HS , '1 

2.8430 

2. '3S37 

B ( 1 . n 

2.7097 

2. 8164 

7S.n 

2.5d49 

2.6517 

7 1 . 1.1 

2.4011 

2.521? 

♦>7,0 

2,3023 

2,3912 

f-.T.n 

2. 1t>6 1 

2. 26C« 

5‘^.0 

2.0311 

2. 120,? 

S6.0 

1 .9547 

2.0290 

SJ.I1 

1.9358 

1 . 92 72 

so.O 

1.729b 

1.P232 

4B.I1 

1 .6899 

1.7523 

IIS.O 

1 .6198 

l.7i4 33 

47.1 

1.5052 

1. 53C,8 

40.0 

1 ,4503 

1.4534 

37.5 

1 . 3870 

1.3540 

35.4 

1.3289 

1.2681 

33.4 

1.1978 

1. 1841 

31.5 

V.1360 

1.1024 

?Q. 7 

1.0518 

1 .02 34 

2H.0 

0.0811 

0. 9475 

26.5 

0.9002 

0.8707 

25.0 

0,8408 

0.8112 

24,0 

0,7938 

0. 76“3 

22.0 

0.7029 

0.6735 

2) .0 

0,6556 

0.6 277 

2‘>.0 

0,6126 

0. 5921 

10. 0 

0.5b50 

0 , 5370 

18.0 

0.5259 

Q .4023 

17.0 

0,4 795 

3. 4495 

16.0 

0.4352 

0.4055 

15.0 

0,4004 

0 .3635 

14.0 

0.3507 

0, 3279 

n.2 

0.3161 

0 . 29 14 

12.5 

0.2914 

0.2648 

11.8 

0.2578 

0.2390 

11.2 

0.2392 

0.2177 

10.6 

0.21 50 

0.1971 

10.0 

0.1942 

0. 1774 

9.5 

0,1734 

0.1616 

9.0 

0.1564 

0 . 1464 

8.5 

0.1443 

0. 1319 

P.O 

0.1308 

0.1180 

7.5 

0.1140 

0.1049 

7.1 

0.1042 

0.0948 

6.7 

0.0954 

0,08 52 

6.3 

0.0864 

0.0762 

5.9 

0,0758 

0. C576 

5.6 

0,0687 

0.0615 

5.3 

0,0618 

0.0557 

5.0 

(1,0567 

0. 0502 

4.8 

0,0563 

0.0467 

4.5 

0,0474 

0,.0417 

4.2 

0,0417 

0. 0370 

4.0 

0.0360 

0.0340 



ABSORPTION COEFFICIENT (db/m) 




absorption of sound 

IH AIR 

TEMPFRATURE 

«299.8 K relative 

HUMIDITY = 40,0 i 

frequency 

measured ABS 

PREDICTED 

(KHZ) 

(DB/M) 

(DB/M) 

loo.o 

3-, 8957 

3.9965 

95.0 

3.6529 

3.7899 

90,0 

3.4699 

3. 5856 

85,0 

3,2851 

3.3826 

80,0 

3.1179 

3.1800 

75,0 

2.9431 

2.9768 

7) ,0 

2,7546 

2 . 8130 

f.7.0 

2.6262 

2.64 74 

63.0 

7.4535 

2.4793 

59,0 

2.2802 

2.3080 

56.0 

2,1836 

2. 177? 

53.0 

2,0305 

2 .0440 

50,0 

1.8914 

1.9084 

48.0 

1.8305 

1.81(5 

45.0 

1.7219 

1 .6766 

42.0 

1 ,5664 

1. 5343 

40.0 

1,4957 

1.4383 

37.5 

1.4178 

1.5171 

35.4 

1.2792 

1.2146 

3). 4 

1,1890 

1. 1168 

31.5 

1,0841 

1.0239 

29.7 

1.0043 

0.9364 

78.0 

0.9293 

0 . ,8544 

26.5 

0.8278 

0. 7928 

75.0 

0.7443 

0.7124 

74.0 

0,7014 

0. 66'61 

22.0 

0,6153 

0. 5758 

71.0 

0,5684 

0. 5319 

20.0 

0,5229 

0.4891 

19.0 

0,4860 

0. 4473 

18.0 

0,4409 

0.4067 

17.0 

0.3997 

0.3675 

16.0 

0,3530 

0.-32 56 

15.0 

0,3220 

0.2934 

14.0 

0.7778 

0.2588 

1 3.2 

0,254b 

0. 2324 

12.5 

(1,2310 

0.2105 

11.8 

0,708b 

0. 1891 

11.2 

0.1884 

0. Wl" 

10.6 

0,1 698 

0.1552 

10,0 

0, 1 49q 

0 . 1 5 94 

9.5 

0.1356 

n. 1268 

9.0 

0.1257 

0.1143 

8.5 

0.1112 

0.1024 

8,0 

0.1011 

0. 09?5 

7.5 

O.0902 

0.0823 

7.1 

0,0808 

0.0745 

6.7 

0.0727 

0. 0671 

6.3 

0.0649 

0.06C? 

5.9 

0,0579 

0.0536 

5.6 

0,0534 

0. 0490 

5.3 

0.0467 

0.044' 

5.0 

0.0448 

0.0404 

4.8 

0,0437 

0. 0277 

4.5 

0.0344 

0 . 03 

s; 4,7 

0.0337 

4 0 3 ^ 

68 .1.0 

0.0789 

0. 02 8 1 



ABSORPTION COEFFICIENT (db/m) 



TEMPERATUHE 

ABSDKPItUN OF SOUND 
• 299.8 A RELATIVE 

IN AIR 

HUMIDITY = 49.8 ' 

frequency 

MEASURED ABS 

PREDICTED 

fKHZ) 

(DB/M) 

(DP/H) 

100.0 

4.2942 

4.3377 

95.0 

4,0232 

4 .0982 

90.0 

3.8101 

3. 8589 

85.0 

3,5861 

3,6190 

80.0 

3,4213 

3.3776 

75.0 

3 , 208 b 

3.1341 

71.0 

2 . 992 b 

2 . 93 72 

67.0 

2.8220 

2.7383 

63.0 

2.5950 

2.53 70 

59.0 

2.3917 

2 . 3334 

66.0 

2.2622 

2. 1793 

53.0 

2.0829 

2.0240 

50,0 

1.9117 

1.3679 

48.0 

1.8369 

1 . 76 35 

45.0 

1,7021 

1.6060 

42.0 

1,5330 

1 .4505 

40.0 

1 ,4541 

1.3469 

37.5 

1,3161 

1.2185 

35.4 

1.2015 

1.1120 

3 3.4 

1.0929 

1 . C 172 

31.6 

0.9858 

0. 9191 

29.7 

0.8890 

0.8328 

78.0 

0.8091 

0. 7934 

26,5 

0,7270 

0 . 6852 

25.0 

0,6629 

0.6190 

24.0 

0 , 608 b 

0. 5761 

22,0 

0,5258 

0 . 4934 

21.0 

0.4740 

0 . 453 R 

2».0 

0.4422 

0.4195 

19,0 

0 .4057 

0. 3789 

18. 0 

0.3653 

0.3420 

17.0 

0.3344 

0 . 3 CS 7 

16.0 

0.291 1 

0.2760 

15.0 

0.2594 

0.2450 

H.n 

0.2296 

0 . 2157 ) 

13.2 

0,7046 

0. 1933 

17.5 

0,1874 

0.1748 

11.8 

0.1688 

0 . 1971 

11 . 7 . 

9,1533 

0. 1427 

10,6 

0,1411 

0.1289 

1(1.0 

0.1077 

0. 11 ■'a 

9.5 

0.1109 

0 . 1055 

9.0 

0,1003 

0.0996 

8.5 

0.0699 

o, 087.?, 

8.0 

n .() Hl 4 

0. 0774 

7.5 

0,0741 

0 .0691 

7.1 

0,0665 

0 . C 6,’7 

6,7 

0.0604 

0. 0965 

6.3 

0,0539 

0.05 11 

5.9 

0.0502 

0. 0453 

5.6 

0,0452 

0. 0420 

5.3 

0 , 036 b 

0 .0335 

5.0 

0.0396 

0. 0391 

4.8 

0.0395 

0. 0329 

4.5 

0,0289 

0.0293 

4.2 

0.0292 

0 . 02 70 

4.0 

0.0255 

0. 0251 



ABSORPTION COEFFICIENT (db/m) 






ABSORPTION' OF SOUMO 

IN AIR 

temperature 

>299,8 K relative 

humidity = 60.0 1 

FREOUEMCY 

MEASURED ABS 

predicted 

(KHZ) 

(DB/M) 

(DB/M) 

100,0 

4.4448 

4.5384 

95.0 

4.1545 

4.2552 

90,0 

3,9221 

3.9915 

85.0 

3,6547 

3.7167 

80. 0 

3,4298 

3 .4407 

75.0 

3.1806 

3.1633 

71.0 

2.9802 

2.94 04 

67.0 

2.7958 

2.7168 

63.0 

2.5582 

2.49 79 

59,0 

2.3251 

2.2690 

56.0 

2.1791 

2. 1015 

53.0 

1 .9914 

1.9350 

50.0 

1.8146 

1. 7697 

48.0 

1.7341 

1.66C5 

45,0 

1 .5969 

1.4987 

42.0 

1 .4290 

1.3390 

40.0 

1.3376 

1.23^2 

37.5 

1 .2239 

1. 1093 

35.4 

1.1386 

1.0055 

33.4 

0.9991 

0.9094 

31.5 

0,8955 

0. 8200 

29.7 

0,8080 

0.739P. 

28.0 

0,7352 

0.6650 

26.5 

0,6405 

0.6031 

25.0 

0.5893 

0 . 5426 

24.0 

0.5370 

0.5037 

22.0 

0.4582 

' 0.4293 

21.0 

0,4122 

0.3940 

20,0 

0,3819 

1.3600 

19.0 

0.3522 

0. 3274 

18.0 

0.3137 

0.2961 

17.0 

0,2821 

0.266? 

16.0 

0.2495 

0. 237“ 

15.0 

0.2199 

0.2110 

14.0 

0.1951 

0, 1354 

13.2 

0.1776 

0. 1665 

12.5 

0.1585 

0.1506 

11.8 

0.1435 

0.1395 

11.2 

0,1318 

0. 1231 

10.6 

0.1135 

0,1114 

10.0 

0,1081 

1.1003 

9.5 

0.0932 

0. 0916 

9.0 

0,0905 

1.08?? 

H.5 

0.0/79 

0.0793 

8.0 

0.0727 

0. 067“ 

7.5 

0.0645 

0.0607 

7.1 

0,0593 

0.0549 

6.7 

0.0520 

0. 05 C4 

6.3 

o,0 46if 

0.0456 

5.9 

0.0430 

0.04!l 

5.6 

0,0407 

0, 0370 

5.3 

0.0345 

0.0349 

5.0 

0.0351 

0.0371 

4.8 

0.0379 

0.C3C3 

4.5 

O.0269 

0.0777 

4.2 

0.0270 

0.02 52 

4.0 

0.O273 

0.C237 



ABSORPTION COEFFICIENT (db/m) 


Ti-'Mpp;n*lilKE 

4PSI1KPTT^J^' OK litUINIt 
= 299.6 ^ PKLA'nVE 

I« 418 

HUi-’lniTl' = 70.0 

FKEOi'ENCY 

I'EApllREr- AH6 


CKHil 

(LiO/I'l 

CDP/ '.) 

100,0 

4.8380 

4.6 1 74 


4.7187 

4.n6i 

yii.O 

4.051/0 

4. 01 50 

H5.'> 

3.7518 

3. 7136 

ftO.O 

3.5260 

3.413? 

V'j.o 

7.2640 

3.1133 

71 .» 

2.9927 

2. 8743 

07.0 

2.7936 

2,6367 

0 7.0 

2.5258 

3 .4011 

59.0 

2.2892 

2. 1683 

56.0 

2.12"3 

1.9961 

5 1.0 

1 .9287 

1 .8.2 65 

5 0.0 

1 .7431 

1 . 66CC 

4R.0 

1 .6732 

1. 5510 

<15.0 

1.5331 

1. 39 11 

42.0 

1.3632 

1 .235° 

40.0 

1.2739 

1.1355 

77.5 

1.1224 

1. C138 

35,4 

1 .<U5(, 

0.915? 

33.4 

0.9il1 0 

0. 8246 

31.5 

0.9204 

3. 7417 

?9.7 

0.71 57 

0,6664 

?9.0 

n , 8 6 0 0 

0. 59 3? 

?6,s 

0,5746 

0. 54C5 

?5.0 

0.4897 

0.4852 

24,0 

0 , 480b 

0. 4499 

22.0 

0 , 4 ij 4 5 

0. 3826 

21.0 

0,3645 

0.3503 

20.0 

0.3372 

0. 3203 

10. 0 

0.3121 

0. 2911 

1H.0 

0.2818 

0,. 26 32 

I 7.1) 

0.2604 

0.2368 

16.0 

0.2203 

0. 2114 

15.0 

0.2012 

0. ie-76 

14.0 

0,1737 

0. 16 52 

1 3.2 

0,1579 

9, 1433 

12.5 

0,1401 

0.1343 

11.8 

0.1267 

0.1210 

11.2 

0.1137 

0. 1102 

10,6 

0. 1006 

0. 0999 

10. 0 

0,0945 

0.0902 

9.5 

0,0829 

0. 0825 

9.0 

0.0756 

0.0752 

H.5 

0.0686 

1.0682 

8.0 

0.0662 

7. 0617 

7.5 

0,0580 

0.0555 

7.1 

0.0516 

0.0509 

6.7 

0.0484 

0. 0465 

6.3 

0.0448 

7.0423 

5.9 

0,0403 

0.0384 

5.6 

0.0368 

0. 0356 

5.3 

0.0329 

0.0330 

5.0 

0.0318 

0.0305 

4.8 

0,0345 

0.0289 

4.5 

0.0249 

0.0266 

4.2 

0,0254 

0.0245 

4.0 

0,0213 

0. 0231 



ABSORPTION COEFFICIENT (db/m) 



[ 


temperature 

ABSORPTION OF SOUND 

>299.8 K RELATIVE 

IN AIR 

HUMIDIII ■ 80,0 1 

rREoOENCt 

MEASURED ABS 

PREDICTED 

(KHZ) 

(DB/K) 

(05^1 

lOfl.O 

4.6482 

4.6152 

95. 0 

4,3949 

4.2926 

90,0 

4.1075 

3.9716 

65.0 

3.7908 

3.6526 

80,0 

3.5013 

3.3362 

75.0 

3,2730 

3.0232 

71.0 

2.9836 

2.7759 

67.0 

2.7746 

2.5321 

63.0 

2.4912 

2.2925 

59.0 

2.2435 

2.0581 

56.0 

2.0814 

1. 8862 

53.0 

1.8785 

1.7182 

50.0 

1.6846 

1. 5546 

48,0 

1.6016 

1. 4483 

45.0 

1.4709 

1.2933 

42.0 

1,3129 

1.1441 

40.0 

1,2277 

1.04 83 

37.5 

1,0013 

0. 9329 

35.4 

0,9091 

0.8399 

33.4 

0.7758 

0. 7550 

31.5 

0.6872 

.0. 6777 

29.7 

0.6226 

0.6077 

28.0 

0,5515 

0. 5447 

26.5 

0.4775 

0.4915 

25.0 

0,4269 

0.4408 

24.0 

0.3871 

0.4CP4 

22.0 

0.3511 

0. 3471 

21.0 

0.3101 

0.3181 

20.0 

0,2997 

0.29C4 

19.0 

0.2729 

0. 2639 

18.0 

0.2523 

0.2387 

17.0 

0.2243 

0.2147 

16.0 

0.1972 

0. 1919 

15. 0 , 

0.1761 

0.1705 

14.0 

0,1388 

0.15C3 

13,2 

0.1424 

0. 1352 

12,5 

0.1292 

0.122b 

11.8 

0.1145 

0.1107 

11.2 

0,1072 

0. 1010 

10. b 

0,0964 

0.0918 

1 0.0 

0.0849 

0. 0831 

9.5 

0.0761 

0. 0762 

9.0 

0,0721 

0.0697 

8.5 

0.0631 

0. 0635 

8,0 

0,0609 

0. 0576 

7.5 

0,0553 

0.0521 

7.1 

0,0504 

0. 04 79 

6.7 

0.0443 

0. 0440 

6,3 

0,0429 

0,04 03 

5.9 

0.0389 

0.0360 

5.6 

0.0358 

0. 0343 

5.3 

0.0325 

0.0319 

5.0 

0.0309 

0. C297 

4,8 

0.0327 

0. 0282 

4.5 

0.0251 

0.0262 

4.2 

0.0261 

0. 0242 

4.0 

0.0230 

0. 0230 



ABSORPTION COEFFICIENT (db/m) 





AHonpP'Uuo riF ioU'Mj 

16 AIR 


= 299.3 ^ r:M,41IVE 

lUIFlOlTI = 89.7 

FPKciiKICY 

mFASUFFF SttS 

FPt'.r. in FI) 

CKHii) 

rL'p/'o 

U.P/t'J 

t n 0 . n 

4.5957 

4.5628 


4.2572 

4.?2‘=9 

<i0.0 

3.9841 

3. P-923 

H5.0 

3.6793 

3,56 29 

BO.O 

3.3992 

3.2382 

TS.n 

3.1156 

2.9195 

71.0 

2. 8344 

2. 6695 

hi .0 

2.6715 

2.4247 

0 3.0 

2.3373 

2.1R58 

so.o 

2.1573 

1.9=39 

5h.O 

2.0187 

1, 7850 

03.0 

1.9170 

1.6209 

50.0 

1 .6285 

1.4620 

4«.0 

1.5378 

1 . 35 93 

45.0 

1 .4264 

1. 21C2 

42.0 

1 .2939 

1.0677 

40.0 

1 .2254 

9.9765 

37.5 

0.9393 

n. 06 72 

35.4 

0.8745 

9.7795 

33.4 

0.7317 

0.6996 

31 .5 

0.6509 

C. 6272 

29.7 

0.5992 

0.5619 

20.0 

0.5357 

9.5032 

26.5 

n.4604 

0. 4538 

25.0 

0.4201 

0.4068 

24.0 

0.3919 

0.3768 

22.0 

0,3289 

0. 32C2 

21.0 

0.3024 

0.2935 

20.0 

0,2808 

0.26 80 

19.0 

0,2680 

0. 2437 

18.0 

0. 23.83 

0.2205 

17.0 

0.2149 

0 . 1984 

16.0 

0.1810 

0. 1776 

15.0 

0.1704 

0.1500 

13.2 

0.1349 

0. 1257 

12.5 

0.1186 

9.1142 

11.2 

0.1020 

0. C945 

10.6 

0,0917 

0.0061 

10.0 

0,0767 

0.0731 

9.5 

0.0750 

0. 0719 

9.0 

0,0681 

0,06 59 

8.5 

0.0585 

0.0602 

B.O 

0.0602 

0. 0549 

7.5 

0,0544 

0.0499 

7.1 

0.0488 

0.0461 

6.7 

0,0472 

0.0425 

6.3 

0,0414 

0.0391 

5.9 

0.0389 

0.0359 

5.6 

0.0358 

0. 0336 

5.3 

0.0317 

0.0314 

5.0 

0.0313 

0.0293 

4.8 

0.0328 

0. 0280 

4.5 

0.0325 

0.0261 

4.2 

0.0271 

0.0243 

4.0 

0.0*12 

o.azii2 




ABSORPTION COEFFICIENT (db/m) 





TEMPERATURE 

abscirption or sound 

■299,8 K RELATIVE 

IN AIR 

HUMIDITY ■100.0 ! 

EREOUENCY 

MEASURED ABS 

PREDICTED 

(KHZ) 

(DB/M) 

(DB/M) 

100,0 

3,9037 

4.4743 

95,0 

3.7077 

4.1285 

90,0 

2,9717 

3.7875 

85,0 

2,9081 

3.4526 

80,0 

3,6610 

3.1248 

75,0 

2,9856 

2.8051 

71,0 

2.6719 

?. 5560 

67,0 

2.4628 

2.3135 

63,0 

2,2234 

2.0784 

59,0 

2.7272 

1.8515 

56,0 

2.2073 

1.6872 

53,0 

1.9660 

1 .5284 

50,0 

1.6478 

1.3753 

48,0 

1.6372 

1. 2767 

45.0 

1.3452 

1.1342 

47.0 

1,1321 

0.9936 

40.0 

1,0312 

0.9122 

37.5 

1.0048 

0.8088 

35.4 

0.9079 

0.7262 

33.4 

0.6858 

0.6512 

31.5 

0,6172 

0.5824 

29.7 

0,5449 

0.5223 

28.0 

0.4997 

0.4675 

26,5 

0,4155 

0.4216 

25.0 

0.3891 

0.3779 

24.0 

0.3730 

C.35C1 

22,0 

0.3304 

0.2975 

21.0 

0.2854 

0.2729 

20,0 

0.2680 

0.2453 

19.0 

0.2313 

0.2268 

1«.0 

0.2497 

0.2054 

17.0 

0,1958 

0.1850 

16,0 

0.2452 

0.1658 

15.0 

0,1665 

0.1477 

14,0 

0,1416 

0. 13C8 

13.2 

0.1324 

0.1130 

12.5 

0.0951 

0.1075 

11.8 

0,0979 

0.0975 

11.2 

0,1002 

0.0893 

10.6 

0,0944 

3.08 16 

10,0 

0,0787 

0. 0743 

9,5 

0,0658 

0.0685 

9.0 

0,0768 

0.0630 

8.5 

0,0701 

0. 0573 

8.0 

0.0574 

0.052° 


ON 



FREQUENCY (kHz) 


ABSORPTION COEFFICIENT (db/m) 



OPSnRPTTOM OF SOUND 

IM AlH 

TKMpRRATUHK 

=305.4 K RFLATIVF 

HUMIDITH = 0,0 4 

FRPO'IENCY 

liF.ASDRKP AHS 

PRKDICTFU 

O' HZ) 

(UB/M) 

(DD/H) 

lllO.O 

1 .6173 

1 

9S.0 

1 .4203 

1 . 4743 

9 0.1) 

1 .3087 

1. 3233 

8b. 0 

1.1719 

1 . iftdo 

8 0,0 

1 .0480 

1 ,04 59 

75.0 

0,9281 

0.9195 

7t .0 

0.8222 

O.R242 

03.0 

0.7578 

0. 6493 

59.0 

0,5677 

0.5697 

50,0 

0.4815 

0.5134 

5.3,0 

0,4158 

0. 46C0 

50.0 

0.3908 

0.4096 

48.0 

0.3500 

9.3776 

45.0 

0,3218 

0. 3321 

47.0 

0.2588 

9.2895 

40,0 

0,7125 

0 ,2628 

37.5 

0,2427 

0.2311 

35.4 

0.1688 

0. 2062 

33.4 

0.1591 

0.1037 

31,5 

0,1388 

0. 1636 

29.7 

0,1218 

0.1455 

78.0 

0.1099 

9.1296 

26.5 

0.1033 

9.1163 

25.0 

0,0914 

0. 1037 

24.0 

0.0832 

0.0957 

22.0 

0,0796 

0. C807 

21.0 

0.0700 

9.0737 

20,0 

0.0703 

9.0670 

19,0 

0.0578 

0. 06C6 

)P.O 

0,0621 

9.0546 

17.0 

0.0501 

.9 . 04 85 

16.0 

0.0530 

0. 0435 

15.0 

0.0420 

0.C384 

14.0 

0,0351 

9.0337 

13.2 

0,0295 

9. 03C1 

12.5 

0,0293 

0.0272 

11 .8 

0.0289 

9 .0244 

11.2 

0,0224 

• 02 22 

10.6 

0.0277 

9.C20n 


1.0 





TEHPERUTURE 

ABSORPTION OF SOUND 
■305.4 K RELATIVE 

IN AIR 

HUMIDITY a 10.6 i 

FREQUENCY 

MEASURED ABS 

PREOICIEO 

(KHZ) 

JDB/M) 

(DB/M) 

100.0 

2.4529 

2.‘52l2 

95.0 

2.2465 

2.3603 

90.0 

2.1437 

2.2071 

85.0 

1.9795 

2. Cf 21 

80. n 

1.8642 

1 .0246 

75.0 

1,7241 

1. 7947 

71.0 

1 ,6123 

1.6961 

67.0 

1 .5250 

1.6022 

63.0 

1.3802 

1.5127 

59.0 

1.3021 

1.4276 

56.0 

1 .2663 

1.3665 

53.0 

1,1831 

1.3075 

50.0 

1.1197 

1.25C5 

48.0 

1.0781 

1.2135 

45.0 

1.0717 

1 .1593 

42.0 

1.0035 

1. 1C64 

40.0 

0,9698 

1.0716 

37.5 

0.9425 

1.0283 

35.4 

0,9063 

0. 0920 

33.4 

0,8525 

0.9570 

31.5 

0.8162 

0.0231 

29.7 

0,7880 

C. flOCI 

28.0 

0,7505 

0. 8581 

26,5 

0.7181 

0.8286 

25.0 

0.6799 

0.7970 

24.0 

0,6748 

0. 7763 

22.0 

0,6415 

0.73 07 

21.0 

0,6255 

0. 7064 

20,0 

0.5960 

0. 6PC0 

|9.0 

0.5952 

0.6538 

18.0 

0,5655 

0.62 54 

17.0 

0,5405 

0. 595’ 

16.0 

0.5226 

0.56 33 

15.0 

0.4968 

n. 5295 

14,0 

0.4736 

0. 4937 

13.2 

0,4504 

0.46 36 

12.5 

0,4323 

0. 4363 

11. 8 

0,4115 

n. 40 7“ 

11.2 

0,3916 

0.3627 

10.6 

0, 3619 

0.3570 

10,0 

0,3407 

0. 3’C3 

9.5 

0,3269 

1,3086 

9.U 

0,300b 

0,7P‘2 

8,5 

0,2881 

0. 2636 

8,0 

0,2671 

n.24in 

7.5 

0,2424 

0.71 85 

7,1 

0.2259 

n, 2C06 

6.7 

0,2090 

o.ia.’o 

6,3 

0,1 099 

0.1655 

5.9 

0,1 736 

■0. 14 85 

5.6 

0,1593 

1.1 36') 

5.3 

0,1456 

•3. l?3:- 

5.0 

0.1297 

0. 1120 

4.8 

0,1253 

9,104) 

4.5 

0,1123 

o. C''32 

4.2 

0,1008 

0. 0825 

4.0 

0,0907 

0.075: 


-Ji: 



ABSORPTION COEFFICIENT (db/m) 
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AnSnKPTiUi' JN AIV» 


1 MhK 

= 305.4 h I'Hl.A 1 I wt 


PUhV.'iit;' i: V 

I'lKARlO'l I’ M."S 

iri w 


diH/i') 


tnn.ii 

3. 1052 


‘I^.O 

3.1040 

3( 

')n.o 

2.0735 

V)i? 


2.8133 


K'.n 

2.h7"3 

2. 

TfS.'i 

?.52hb 

2.7012 

71 .!> 

2.3435 

? .»S7Ah 


2.2845 

,•>. AAMO 

hi." 

2.1337 

?. 

hQ." 

2.0331 

2. rft? 

hh.il 

1 ,4579 

2.1007 

M.i' 

1.8512 

?. 

si; , 0 

1 .7540 

l.'iOI.? 

il M , l i 

1 ,5499 

1 .ins? 

4S . " 

1.5732 

1. 71C3 

- 1 7 . II 

1 .5575 

1 . 6? 1 S 

4 n . i) 

1 .5053 


l7.S 

1 . 3550 

1 

3S.it 

1 .3541 

1. T6A7 

3t.it 

1.2235 

1. ?P1'4 

31 .S 

1 .1585 

l.l«/S7 

2H.7 

1 .0891 

1.1200 

>H.n 

1 .0350 

I.OS27 

?h.S 

0.4753 

0. 

2S.0 

0.4248 

U.O020 

24.0 

0.8749 

0.8SAI 

22.11 

0.7854 

0. 7S71 

21.0 

0.7394 

0.70fl? 

20.0 

(1,5425 

0.6S9^ 

10. 0 

I-., 5522 

o.sics 

IH.O 

0,5054 

0.S61H 

17.0 

0,5580 

o.sn/. 

IS." 

o,5(j45 

0, A661 

1 s . I'; 

0.4533 

0.410't 

14.0 

0,4174 

7. 373:J 

1 1.2 

0,3512 

0. 33«3 

12.5 

0,3435 

3.30"l 

11 .« 

0,3154 

0.27H7 

11.2 

0,7885 

0. 75A 1 

10, b 

0,7529 

0.2307 

10.0 

0.2371 

0.2C70 

S.5 

0,2154 

0. lflS6 

9.0 

0.1915 

0.1720 

8.5 

0.1779 

0. 15*^1 

8,0 

0.1517 

0. 13PO 

7.S 

0.1427 

0.123S 

7.1 

0.1300 

O.IU7 

b.7 

0.1177 

0. IOCS 

b.3 

0,1034 

o.oao’) 

5.9 

0,0945 

0.07S0 

5.5 

0,0840 

0.0726 

5,3 

0,0755 

0.06S7 

5.0 

0,0557 

0.0SO2 

4,8 

0.0653 

0.05SI 

4.5 

0.0550 

0.0492 

4.2 

0.0497 

0.0436 

4.0 

0.0445 

0.0401 





ABSORPTION COEFFICIENT (db/m) 


171 






tkmf’FRatuhk 

ABSnRPXTUO OK SOUND 
■305.4 0 REUAXIVK 

IN AIR 

HUMIOiTY » 30,3 ' 

FRKpntNCY 

mkasured mis 

RRtDlCTED 

(K»Z) 

fliB/Pl 

fUB/N) 

100,0 

4,0986 

4.3151 

95.0 

3.8683 

4.C964 

90.0 

3.7160 

3. 8789 

hS.O 

3.4919 

3.6617 

80,0 

3.2976 

3.4433 

75,0 

3.1373 

3. 2240 

71,0 

3.016b 

3.0459 

h7,0 

7.8529 

2.8653 

03.0 

7,6373 

2.6813 

59.0 

2.4717 

2.49 34 

50.0 

2.367b 

2.3406 

53.0 

2.2040 

2.2037 

50,0 

7.0655 

2. 0540 

4H.U 

1 ,9754 

1 .0530 

45,0 

1.878b 

1. 7903 

47,0 

1 .7091 

1.64 32 

40.0 

1.0211 

1.5381 

37.5 

1 .4669 

1 .4057 

35.4 

1.3829 

1.2041 

33.4 

1 .2207 

1. 1B78 

31.5 

1.1379 

1 .03 72 

79.7 

1 .0393 

0.0076 

2«,0 

0,9591 

0.9043 

20,5 

0,8561 

.1.8 7 75 

75.0 

0,7907 

0.7520 

24.0 

0.7407 

0.7026 

77.0 

0.6592 

.1.6062 

21.0 

0.6089 

0.5807 

20,0 

0,5641 

0.5142 

19.0 

0,5140 

0.4600 

18.0 

o,4bV3 

0.42 70 

17,0 

(1,4206 

0.58 56 

lo.O 

0.3706 

1.3457 

15.0 

0,3386 

0. 3076 

14.0 

0,300b 

0.2713 

1 3.2 

n,2b3« 

0.24 36 

17.5 

0.247b 

0.2204 

1 1 .N 

0.219b 

0. 1983 

11.2 

0,2008 

1.1801 

1 0 ,o 

0.1767 

0.1623 

10.0 

0.1604 

0.1460 

9.5 

0.143b 

0.133.’ 

9.0 

0.1 33b 

0. 12C7 

8.5 

0.1216 

0.1037 

8 , 0 

0,1083 

0.00 74 

7.5 

0,0947 

0. 0860 

7.1 

o,oH7b 

0.0787 

0.7 

0,0816 

0.071O 

0.3 

0,0896 

0. 0638. 

5.9 

0.0774 

0.0570 

5.0 

0,0685 

0.05 71 

5.3 

0,0576 

.0.04 75 

5.0 

0.0441 

0. 042,7 

4.8 

o.fU46 

0.0404 

4.5 

0.0377 

0.0368 

4.2 

0.0353 

0.0323 

4.0 

0,031 1 

7..)3D-. 



ABSORPTION COEFFICIENT (db/m) 


Tb'.MpKKATIIrtFJ 

AOSnKPTTfib OK-SnUFO 
= 305.4 K P.FLAl'Ive 

IN AIR 

hUMItUTY = 39. 7 ! 

FRE()i't:^CY 

MFASIIPEP ADS • 

pRfctUriKD 

fKriZ) 

fDH/9 1 

f 

lon.O 

4.5651 

4. 7341 


4.2980 

4. 46 74 

90,0 

4.0913 

4.1095 

fiS.o 

3.8390 

3 .920" 

90,0 

3,6189 

3.65 77 

7^.0 

3,3616 

3. 3P27 

71 .0 

3,1937 

3.1604 

b7.0 

2.9812 

2.035C 

6 3.0 

2.7077 

2. 7097 

S9.0 

2.5173 

2. 4PC7 

56.0 

2.3644 

2.3034 

53.0 

2,1797 

7. 13 50 

50.0 

2.0093 

1. 9629 

4P.0 

1,8958 

1.0479 

45.0 

1 .7687 

1 .6763 

42.0 

1.5751 

l.*=064 

40.0 

1 .4606 

1. 3'’44 

37.5 

1 . 3799 

1 .75 66 

35.4 

1 .2750 

1. 1431 

3 3.4 

1.1310 

1. 037? 

31.5 

1.0266 

9.9:, 01 

29.7 

0,9179 

3 . H4 P7 

28.0 

0.8424 

0. 76 5'- 

26.5 

0.7448 

3.6957 

25.0 

0.6737 

0. 6263 

24.0 

0,6236 

0. 56 26 ■ 

2 2.0 

0.5336 

0 . 49 79 

21.0 

0.4972 

0.4575 

20.0 

0.4512 

0.4165 

19.0 

0,4278 

3.36 09 

18.0 

0.3794 

0. 3449 

17.0 

0.3337 

0.31C4 

16.0 

0.2971 

9.2775 

15.0 

0.2745 

3.2463 

14.0 

0.2379 

0. 2163 

13.2 

0.2076 

0. 1945 

12.5 

0.1-943 

0. 176.C 

11.8 

Oil'/ 49 

0. 1583 

li.2 

0,1587 

3.1439 

10.6 

0,1390 

0. 1303 

10.0 

0,1297 

9. 1173 

9.5 

0,1171 

0.1070 

9.0 

0.1038 

9.09 72 

8.5 

0.0955 

0. CP79 

8.0 

0.0850 

0.3791 

7.5 

• 0.0762 

9.3709 

7.1 

0.0705 

9. 0645 

6.7 

0.0657 

0.0536 

6.1 

0.0562 

0.0530 

5.9 

0.0548 

0. 0477 

5.6 

0.0475 

0.0440 

5,3 

0.0433 

Q.0405 

5,0 

0,0372 

0. 0371 

4,8 

0,0395 

0.0,3-50 

4*5 ^ 

0,0309 . 

. . 0.0319 

4.2 

0,0293 

0.0291 

4.0 

0.0266 

0.0273 





ABSORPtrbN COEFFICIENT (db/m) 


temperatuke 

absorption OF SOUND 
>105.4 K RELATIVE 

IN air 

HUMIDITY > 50.0 I 

frequency 

MEASURED ABS 

PREDICTED 

(KHS) 

fOB/N) 

tDB/N) 

100.0 

4,8754 

4.9113 

95.0 

4,5449 

4. 59 E2 

90.0 

4,2958 

4.2843 

85.0 

1.9850 

3.9697 

80.0 

1.7180 

3. 6546 

75.0 

1.4797 

3.3393 

71.0 

1,2186 

3.08 73 

07.0 

2.9711 

2.0362 

61.0 

2,6607 

2. 5865 

59,0 

2.4151 

2.3301 

56,0 

2.2787 

2.1557 

51,0 

2.0750 

1.9747 

50,0 

1.8947 

1. 7966 

48.0 

1.7821 

1.6799 

45.0 

1.6488 

1.5082 

42.0 

1.4472 

1.3414 

40.0 

1.1411 

1.2333 

17.5 

1.2012 

1.1020 

15.4 

1.0781 

9. 9956 

11.4 

0,9448 

0. 8976 

11.5 

0,8514 

0.3080 

29,7 

0.7721 

0. 7263 

28.0 

0.7068 

0.6574 

26.5 

0.5956 

0.5803 

25.0 

0,5521 

0. 52 93 

24.0 

0.5148 

0.4913 

22.0 

0.4427 

0.41''7 

21.0 

0,4014 

0. 383S 

20,0 

0.1657 

0.35C4 

J9.0 

0.1411 

3.31 8r, 

1«.0 

0.1121 

,1.2837 

17.0 

0.2785 

0. 7592 

16. P 

0.2453 

3.2317 

15.0 

0.2180 

C-.2C5!> 

14.0 

0.1914 

0. 1813 

11.2 

0.1739 

•3.16 29 

12.5 

0.1557 

3.1476 

11.8 

0,1408 

.3. 1331 

11.2 

0,1105 

3.1213 

10.6 

0,1165 

3. IICI 

10.0 

0.1051 

0. 0995 

9.5 

0.0969 

3.0'>U 

9.0 

0,0865 

0831 

8.5 

0.077(1 

3.9755 

8,0 

0.0737 

3 . 36 O'- 

7.5 

0.0784 

3. 0617 

7.1 

0.0583 

3.''56(. 

6.7 

0.0527 

3. .3518 

6.1 

0.0477 

J. 04 7? 

5,9 

0.0436 

3, 0429 

5.6 

0.0394 

). 1399 

6.1 

0,0152 

J, .3’ 70 

5-iO 

0,0255 

3.0343 

4.8 

0.0113 

3.3375 

4.5 

0.0283 

\ 0339 

4.2 

0,0276 

3. 9777 

•l.O 

0.0228 

3 .37.5? 



ABSORPTION COEFFICIENT (db/m) 



TKfH’Kb rtTlIHK 

ARSilf'l»TTL‘'’ PF i.'iPl.MifO 
= io‘),4 r i'FLAirVF 

J i-i A 1 

HU^Ut;lT¥ -- 

FVi(^'pi!KiiCV 


PHh-PirTRl 

f ► 

fi/p/f 1 


lOll.H 

4,‘mj 3 


■ 4S,n 

a . h 2 1 *b 


‘10.0 

4 , 3 4 u i 

't.217'3 

PS.o 

4,0104 

3.P7^9 

Hli.U 

3,7120 

3. F3«^1 

7S.0 

3.397b 

3.205-> 

71.0 

3.1 U)i< 


P.7.0 

2.R4F1 

2. 6F16 

0 1.0 

2.5H77 

2.A?6'f 

IQ.O 

2.3541 

2.17 70 

■iO.O 

2.19 35 

1. 99't? 

51.0 

1 .9RR‘j 

1.515** 

•lO.O 

1 ."154 

1.GA2? 

4 R . II 

1 .6975 

1 .52 94 

45.0 

1.5595 

l.3G':2 

4?.0 

1.3741 

L. 2073 

40.0 

1 .26R9 

1. 10 60 

37.5 

1.0863 

O.OP'iC 

35.4 

0.9619 

n. 

33.4 

0.8517 

0.79f>2 

31.5 

0.7b 16 

0 . 7l/’*7 

?q.7 

0.6hl4 

n. 6A10 

2R.0 

0.601 1 

0.57A5 

20.5 

0.5238 

0. P6 

25.0 

0.4711 

0.<r6*5:> 

24.0 

0.4494 


22.0 

0.3H49 

0. 36^*S 

21.0 

0.3357 

0- 3362 

20.0 

0.3099 

0.3071 

10.0 

0.2894 

0.279^ 

1R.0 

0,2610 

0. 2*^27 

17.0 

0,2422 

0.2273 

15.0 

0.. 2 11 b 

0.2036 

15.0 

0.1856 

0. Iflll 

14.0 

0, lb2i) 

0.1600 

13.2 

0.1430 

0. 14A1 

12.5 

0.1342 

0 . i?co 

1 1 .R 

0,121b 

O.llB^ 

1 1 .2 

0.1106 

0. L0 92 

10.0 

0.0972 

0. C906 

10.0 

0,0915 

0.0994 

0.5 

0.0829 

0,0822 

q.o 

0.0715 

0.0753 

R.5 

0,0673 

0.06P3 

s.o 

0.0636 

n.0627 

7.5 

0,0562 

0. 0560 

7.1 

0.0528 

0.0525 

6.7 

0,0488 

0.0484 

6.3 

0.0417 

0. 0445 

5.9 

0.0392 

0.0408 

5.6 

0,0361 

0.0382 

5.3 

0.0336 

0.0357 

5.0 

0.0270 

0.0333 

4.B 

0.0303 

0.0318 

4.5 

0,0264 

0.0296 

4.2 

0,0248 

0.0275 

4.0 

0,0221 

0.0262 


10 . 




ABSORPTION COEFFICIENT (db/m) 



AHSf?hPTTl>^ r.)F snuj'-u ir- All* 


teupfratiikk 

= 305,4 6 FifLVlIVE 

humidity = 7n,2 

frequency 

KEARUREO ABR 

pRtniPTFU 

(KHZ) 

(DB/EJ 

(uB/M) 

100,0 

4,11065 

<1. 7*;ai 

95,0 

4,4469 


90,0 

4,1405 

A.,07?3 

H5,0 

3.7b1 3 

71<?7 

B 0 , 0 

3.4793 

3-5729 

75,0 

3.1562 

3.0^36 

71,0 

7.9243 

?. 76PA 

67,0 

7,6558 

2.5005 

63,0 

2.3498 

2.2579 

59.0 

2.1319 

2. 01 AA- 

56.0 

1,9660 

1. R3 7.'j 

53.0 

1 ,758b 

1 .t'664 

50.(1 

1 .5948 

1. SOU 

49.0 

1 .5020 

1. 39<i4 

45.0 

1,3724 

1 .2401 

47.0 

1,195b 


40.0 

1 , 10 8 6 

0. 99 ?9 

37.5 

0,9322 

O.DP65 

35.4 

O.B133 

0. 7f^Ar» 

33.4 

0.7274 

*^.7147 

31.5 

0,5468 

7.£;4n7 

29.7 

(i.5(>9b 

0. '^739 

7B.0 

".5085 

0. 5140 

76.5 

0.4324 

0.4&37 

25.0 

0,4115 

0,41 59 

74.0 

0.3717 

0. 3P54 

27.11 

0.3298 

0.32 70 

21.0 

0. 302(j 

7, 3rro 

20.0 

0.7767 

0. 2749 

19.0 

0.7578 


19.0 

0,231b 

0. 23*' f 7 

17.0 

(■.2095 

0. 2044 

16.0 

0.1843 

0- l«33 

15.0 

0.1 548 

0, 1A34 

14,0 

0.1417 

0 . 14 4 0 

13.2 

0.129“ 

o.nno 

11.9 

0.1 (;94 

0. ICF.^ 

11.2 

0.0987 

3.0O’^2 

10.6 

f',OR9.3 


1 « . O 

O.r.773 

0, 0P2 7 

9.5 

«. 07 3l, 

'^.C7(,4 

9.0 

(' , Ohfi4 

‘.07:3 

9.5 

1' , 06 3(j 

0 . 0 4 4 A 

6.1' 

0.0683 

0.050'’ 

7.5 

0,0512 


7.1 

(1,0470 

0 . 05C1 

6.7 

0.0476 

7 .046f. 

6.3 

0,0394 

0 . C 4 ^ 1 

5.9 

0.0357 

(73ro 

5.6 

0.0335 

0.0375 

5.3 

('.0312 

C3S3 

5.0 

0.0201 

)• 03 **2 

4.6 

0.0782 


4.5 

0.0251 

J. COO'-; 

4.2 

".0751 

0 . C 2 ® 0 

4.-' 

0,070 i 

3. '"Or’ 


1.0 


305. 4°K (90°F) 

70.2% Relative Humidity 



I 


1 


10 . 

FREQUENCY (kHz) 



F.OIIENCY 

MEASURED ABS 

PREDICTED 

(KHZ) 

(DP/W) 

(DB/M) 

4H.0 

1.4780 

1. 2977 

45.0 

1.2266 

1.1491 

42.0 

1.0641 

1 .0009 

40,0 

0.9854 

0. 92 21 

37.5 

0.9144 

0.-S173 

35.4 

0.8234 

0 . 73 36 

33.4 

0.7002 

0.6576 

31.5 

0.6366 

0.5894 

29,7 

0,5594 

0.5278 

28.0 

0,4903 

C.4727 

25,5 

0,4305 

0.4265 

25,0 

0.3948 

0.38 76 

24.0 

0.3668 

0.3547 

22.0 

0,3177 

0.3C20 

21.0 

0^2796 

0.2773 

20.0 

0,2680 

0.7537 

19.0 

0,2463 

0.2312 

18.0 

0.2140 

0 . 7(^/3 

16.0 

0,1589 

0.17 02 

15.0 

0.1673 

0.1577 

14,0 

0.1478 

.0.1352 

12.5 

0.1109 

0 . 1 r 19‘ 

11.8 

0,1103 

0; 102C 

11.2 

0,0979 

0.0939 

10.6 

0.0911 

0.0661 

10,0 

0,0782 

0.0TS3 

9.5 

0,0591 

0.0731 

9.0 

0.0682 

0.0676 

8.5 

0.0552 

0. C624 

8,0 

0.0669 

0.0574 

7.5 

0.0428 

0.0578 

7.1 

0.0434 

0. 0493 

6.7 

0,0474 

0.0459 

6.3 

0,0433 

0.047R 

5.9 

0.0303 

0. 0398 

5.6 

0.0322 

0.0376 

5,3 

0.0383 

0.0355 

5.0 

0,0365 

0.G336 

4.8 

0.0260 

0.C323 

4,5 

0,0393 

0.0304 

4.2 

0.0343 

0.CZS1 

lARD DEVIATION 

B 0,116511 



PUK^METCR K b 24.00 HZ 6m 18,40 
absolute; humidity * 0.378449i:+01 



ABSORPTION COEFFICIENT (db/m) 


TEMPERUTURE 

KBSORPTlON OF SOUND 
S305.4 K RELATIVE 

IN AIR 

HUMIDITY » 89,1 

FREQUENCY 

measured ABS 

PREDICTED 

(KHZ) 

(DB/M) 

(DB/M) 

loo.o 

4,8872 


95,0 

4.5167 

4.1227 

90,0 

4.2406 

3 . 

85,0 

3.8331 

3.4069 

80,0 

3.4900 

3 .0647 

75,0 

3.1018 

2. 7346 

71.0 

2.7384 

2.4799 

67,0 

2,3350 

2.2341 

63,0 

1,9209 

1 . 99 P 0 

59.0 

1,7105 

1 . 7721 

56,0 

1.5677 

1.6099 

53.0 

1.4243 

1 .4540 

50.0 

1,2589 

1.3048 

48.0 

1,2397 

1.2091 

45.0 

1.1195 

1.0717 

42.0 

0.9757 

0.9416 

40.0 

0.9082 

0.8592 

37,5 

0,6872 

0.7610 

35.4 

0,4741 

0.6828 

33.4 

0,6688 

0.6121 

31.5 

0,6748 

0^5484 

22.0 

0.2507 

C .2820 

19,0 

0,2866 

0.2166 

18,0 

0,2175 

0. 1968 

17,0 

0.1888 

0.1781 

16,0 

0,1375 

0.1604 

14.0 

0,1407 

0 . 12"82 

13.2 

0.1127 

0.1165 

12.5 

0,1157 

0. 1067 

11.8 

0,0995 

0.0975 

11.2 

0,0891 

0.0901 

10.6 

0,0962 

0. 0830 

10,0 

0,0733 

0.0762 

9,5 

0,0667 

0.0709 

9.0 

0.0666 

0.0659 

8,5 

0.0532 

0,0611 

8,0 

0.0464 

0.0565 

7,5 

0,0494 

0 . C 522 

7,1 

0.0482 

0.0489 

6,7 

0,0515 

0.0458 

6,3 

0,0376 

0.0429 

5,9 

0,0401 

0.0400 

5,6 

0.0351 

0.0380 

5.3 

0.0421 

0.0361 

5,0 

0.0381 

0.0342 

4,8 

0.0330 

0.0330 

4,5 

0.0241 

0.0312 

4.2 

0.0214 

0.0294 

4.0 

0.0447 

0.0203 



ABSORPTION COEFFICIENT (db/m) 



00 


TEMPERATURE 

ABSORPTION OF SOUND 
>305,4 K relative 

IN AIR 

HUMIDITY >100,0 ! 

FREQUENCY 

MEASURED ABS 

PREDICTED 

CKHZ) 

(DB/M) 

(DB/M) 

50.0 

1 .4010 

1.2193 

48.0 

1.3331 

1. 12*:2 

45.0 

1 .2374 

1.0000 

42.0 

1.0856 

O.S7B1 

40.0 

0,9603 

('• *^0 r * 

37.5 

0.7641 

0.7091 

35,4 

0.6910 

0.6363 

33,4 

0,5986 

0. 5704 

31,5 

0.5677 

9.5112 

29.7 

0.4771 

0.4501 

2«.0 

0.4222 

0.41C5 

26.5 

0,3851 

0.5709 

25,0 

0.3733 

0.33 33 

24.0 

0,3347 

0. 3094 

22.0 

0.2674 

0.7644 

21,0 

0.2629 

0.24 33 

20.0 

0.2355 

0. 2731 

19.0 

0,1907 

0.20’0 

18,0 

0.2289 

0.1857 

17.0 

0.1855 

0. 16<=4 

16.0 

0,1572 

0.1521 

15.0 

0,1606 

0.1369 

14.0 

0.1336 

0. 1224 

13.2 

0.1237 

0.1115 

12.5 

0.1097 

0.10 76 

11.8 

0.1071 

0.0941 

11.2 

0.0961 

0.087? 

10.6 

0,0847 

0.0006 

10.0 

0.0784 

0. C744 

9.5 

0.0733 

0.0695 

9,0 

0.0614 

0.0640 

8.5 

0.0591 

0. 06C4 

8.0 

0.0619 

0.0561 

7.5 

0.0541 

0.0521 

7.1 

0,0502 

0.C491 

6,7 

0.0476 

0.0461 

6.3 

0.0443 

0.0434 

5.9 

0.0394 

0.04C7 

5,6 

0.0381 

0.0388 

5,3 

0.0349 

■0.0369 

5.0 

0.0338 

0.C351 

4,8 

0,0318 

0.0339 

4.5 

0.0335 

0.0321 

4.2 

0,0305 

0. 0304 

4.0 

0,0306 

0.0297 





ABSORPTION COEFFICIENT (dD/m) 






temperature 

absorpttom or souhd 
■310,9 K RELATIVE 

IN Ain 

humidity * 0.0 

rREOUENCY 

MEASURED ABS 

PREDICTED 

(KHZ) 

(DR/M) 

(UB/M) 

100,0 

1.6693 

1 

95.0 

1.4947 


90,0 

1.3581 

1. 3355 

85.0 

1.2294 

l.lOl'i 

80.0 

1.1433 

1.0*5 50 

75,0 

0,9997 

0.92 S'" 

71,0 

0,9208 

0 . 3 1 '■> 

67,0 

0,7866 

0 .7^*00 

63.0 

0,7013 

0. 

59.0 

0.6022 

0.'i750 

56,0 

0,5485 

0.515? 

53,0 

0,4766 

■). 43 

50.0 

0.4386 

■0.4135 

48,0 

0,4332 

, 7 0 1 T 

45,0 

0.3831 

^353 

43.0 

0,3003 

0.2'“/- 

40,0 

0.3143 

0.'»6 53 

37,5 

0,2316 

0. 23*»4 

35.4 

0.1972 

0 • 4 0 0 

33,4 

0.1844 

n.iP55 

31,5 

0.1671 

0. If V 

39.7 

0.1363 

0.1471 

28.0 

0.1266 

0 . 

26,5 

0.1240 

0.117“^ 

25.0 

0,1087 

0, IPO » 

24.0 

0.0976 

0. on 1^7 

22.0 

0.0908 

■0,0^15 

21,0 

0,0738 

r74n 

20,0 

0,0790 

0 .^6 77 

19.0 

0.0702 

O.Of 13 

18.0 

0,0635 

0. P5S’ 

n.o 

0.0572 

0 .040^ 

16.0 

0.0603 

3. 044'' 

15.0 

0.0463 

0 . 5 O'-; 

)4,0 

0.0377 

?.0341 

13,2 

0,0330 

r* ^ QC 

12.5 

0,0297 

0.0>74 

1 1.8 

0.0317 

0.’).-'4" 

11.2 

0,0261 

O’" 

10,6 

0,0245 


10.0 

0,0210 

0.01 

9,5 

0,0185 

0. Clf7 

9.0 

0,0140 

0.015? 

8.5 

0.0153 

-'.Ol 

8,0 

0.0128 

). 0104 

7.5 

0,0143 

0 . 0 u : 

7.1 

0.0107 

J.OIT^ 

6.7 

0,0103 

0, rr*^3 

6.3 

0,0086 

0, ■'O'Vf ■ 

5.9 

0.0105 


5.6 

0.0062 

0 . :r 70 

5.3 

0,0084 

0.0rf5 

5.0 

0,0063 

3.000-3 

4.8 

0,0095 

I'f *5 7 

4.5 

0.0059 

0,00*:; 

4.2 

0.0065 

0 .004'- 

4.0 

0.0042 

3. 00 4“^ 



ABSORPTION COEFFICIENT (db/m) 



TFMPKRATUHE 

absokptiun or sound 
=310,9 K HELATIVE 

IN AIR 

HUMIDITY ■ 10,1 ! 

FHKOUKNCY 

MEASURED ABS 

predicted 

(KHZ) 

(DB/M) 

(DB/H) 

100.0 

.2.7381 

7 i OR 76 

95.0 

2,5353 

?.8?l6 

90,0 

2.4484 


H5.0 

2.2757 

?. 5171 

BO.O 

2,1829 


75,0 

2.1066 

7.2303 

71.0 

1.9759 

7.126‘' 

67.0 

1,8673 

7. o??n 

61.0 

1.7399 

1.9265 

59,0 

1.6622 

I.S2P9 

56.0 

1 .5863 

1. 758? 

53,0 

1.5120 

1.6097 

50.0 

1 .5834 

1.6212 

48.0 

1 ,5494 

1.5757 

45.0 

1.4373 

1.5071 

42.0 

1,3264 

1.43 75 

40,0 

1,2607 

1.3903 

37.5 

1.2284 

1.3257 

35.4 

1.1689 

1.2770 

33.4 

1,1189 

1.2243 

31.5 

1.0807 

1.1779 

29.8 

1.0354 

1. 1214 

28,0 

0,9942 

1.0701 

26,5 

0.9330 

1.0226 

25.0 

0,8797 

0.9725 

24.0 

0,8552 

0.9375 

22.0 

0,8112 

0.8633 

21.0 

0.7766 

0. 8748 

20.0 

0,7486 

0.7844 

19,0 

0.7115 

0.7424 

18.0 

0.6897 

0. 6989 

17,0 

0.6605 

0.6539 

16.0 

0,6179 

0.6076 

15,0 

0,5785 

0. 5559 

14.0 

0.5303 

0.5112 

13.2 

0,5017 

0.4716 

12.5 

0.4649 

0.4366 

11.8 

0.4404 

0.4015 

11.2 

0.4105 

0.3714 

10.6 

0.3735 

0. 3414 

10,0 

0,3511 

0.3117 

9,5 

0,3243 

0.2072 

9.0 

0.3031 

0. 2630 

8,5 

0.2749 

0.27.94 

8.0 

0.2513 

0.2162 

7.5 

0,2288 

0. 1937 

7.1 

0,2086 

0.1763 

6.7 

0.1887 

0.1593 

6.3 

0.1713 

0. 1430 

5.9 

0.1533 

0.1273 

5,6 

0,1414 

0.1160 

5.3 

0.1284 

0. ICSl 

5,0 

0.1140 

0.0947 

4,8 

0.1059 

0.0880 

4,5 

0.0974 

0.0784 

4.2 

0,0843 

0.0692 

4,0 

0.0771 

0.0634 




ABSORPTION GOEFFICIENT, (db/m) 


181 


tempphatuhe 

ABSORPItUi' OF' SDUNU 
=310.9 K BFLAllVE 

14 AIP 

HlHUnlTK = 20.0 1 

FHE'J'iEhCY 

MEASliPEt: ABS 

PHEDICTEU 

(KHZ1 

aib/Bj 

(I.R/P) 

100. n 

7.9802 

4. 34 80 

OS.O 

7.7412 

4.1305 

90,0 

7.6474 

3.9311 

es.o 

7,4063 

3. 7247 

R 0 . 0 

3.269« 

3.5194 

75.0 

3.0974 

3.3100 

71.0 

2,9424 

3.1420 

67.0 

2.76RH 

2.5723 

67,0 

2.5719 

2.7904 

59.0 

2.4579 

2.6201 

56.0 

2.7367 

’.4029 

57.0 

2.2040 

?. 3425 

50.0 

7.0951 

2. 1903 

OR, 11 

2.0111 

2.1001 

7-5.0 

1.8936 

1.9453 

A7.0 

1 .7517 

1.7945 

A 0.0 

1 .63°5 

1 .6091 

77.5 

1.6443 

1 • 9552 

75. a 

1 ,5424 

1.44GA 

77. A 

1.4112 

1.’305 

71 .5 

1.3217 

1 .2251 

29„7 

1 .2195 

1. 12'9 

?R." 

1.1460 

U03C5 

26.5 

1 .0228 

0,94 79 

25.0 

0.9183 

7. 86 9? 

2A.0 

o.«'/06 

21 6’ 

22,0 

0.7803 

1.7CA2 

21.0 

0,7085 

0 9 5 2 6 

20.0 

0,6tj'24 

-I’.torj 

19.0 

0.608/ 

0.55.26 

1 B-. 0 

0,5669 

0.90! 7 

n.i) 

0,4973 

0. 4542 

16.0 

0,4629 

0.402; 

15.0 

0.7172 

0. ’64’ 

1 A.O 

0. 3653 

7. 321“ 

17.2 

0.3272 

0.2895 

12.5 

0.2964 

0. 2f ’0 

11.- 

0.2695 

•1. 2 362 

11.2 

0.2476 

1.2143 

10.6 

0.7264 

0. I9.',1 

rl.o 

0.2027 

0. 174' 

0.5 

0, 1 h09 

1.1500 

0.0 

0.1671 

1.1441 

■- .5 

0.1488 

0, 1259 

. 0 

.1.1351. 

0. .164 

7.5 

II. I ! "8 

0.10 3' 

7,1 

I. , 1 04 1 

^ nr 14^ 

6.7 

0,09.5J 

J 'i 7 

6.7 

0 . .'i85b 


5.9 

0,077b 

TF 7-T 

5.6 

.'..07 Co 


5. 7 

o,0|.'2'( 


5.0 

.1.054 3 

!■» 

1.6 

. 0 525 

1 . ?*' 

a .5 

.1 , 0 '*49 


■■*.2 

1. ,042 8 


■1." 

0.0 3 76 

^ c «* 



ABSORPTION COEFFICIENT (db/m) 


pr h 

j. T..ir ( I- t.niMi.' X 

= J1C.'^ ^ H> i.A-j. 1 wK 

I.I' 

= 30,2 

• CY 

.r.K';>,Uri' AbS 

pP>IUr IK 

kiV 1 

f L. ^ / 1 ) 

fhO / ’ 1 

n.'.n 


5 -0-..9^ 


% . s 4 

4. 70/. 7 

' ‘ ! 

1)7 /« 

4.49 74 

H '> . • / 

^^-1 J7S 

i.29 75 

>. (.■.11 

■^ . ft 7 r,. 

0. 9144 

IS , II 

K J « 

j - 5 1 7p 

7 1 . t 

^ VMb 

1.27 74 


1. 1 

1. 12 4ft 

», 4 , 

? . « » 1 o 

•>. •4r*''p 

S'-," 

V , fw. ; / 

:>-04 21 

S . i' 

>• , N V b •:# 

2 .4= 7:* 

S ^ ' 

7 . J ’ 1 P b 

2. ?7C0 

S , 1 

7 , 1 1' i 5 

1. C'*49 

0 

7 . •'1 •:, 1 \ 

1.9^: L2 

"i S . ) 

1 

1.7770 

'1 > • ' 

1 .►'479 

1. ^‘<^40 


1 . S ti 7 r 

1.475.? 

17. '> 

1 . 4 5 'M 

1 . 2? 20 

^s . ‘1 

1 . i 1 ' ■' j 

l.?0 70 

n . •* 

1 -7'.m.4 

1. C''44 

U .s 

1 , n -j 7 4 

9 900? 

>S, / 

fi,0^7S 

0. =*942 

'^K ,W 

''1 , ft V F P 

). 'ftff 6 


n . 7 ft f' b 

0.73 Ift 

7 S , >'i 

".7IS0 

■), 5S90 

P 1 . ■! 

, h h ft 2 

01^9 



9.2736 

;j 1 , 11 

. S > 7*J 

0.4?1! 


't . 4 7 ■•j '1 

*^.4401 

1 ‘‘ , 0 

. 4 J 2 j 

9.40''/. 

1^.'» 

n , 1 

J. 2f.r 7 

P.'.» 

0.3bSS 

9. 02P= 

1 n.O 

*■’.12)0 

0.->G?l 

1S.1I 

A,7-Hf'6 

9. 

1 -I.-) 

^ , Vr^'i/ 

9. 72?*-^ 


0,7204 

2.2951 

• ') 

0 , 1 QQ / 

0 . 1 P 7 

1 l ,H 

! ftso 

9. 1473 

11-2 

n.tpfti 

2.152'’ 

1 O.H 

Ti ,14 0^ 

0.1379 

1 (1 , 

1' . 1 Vi 2 

9. 1242 

«,s 

f - 1 2 3 ft 

o.ms 
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A. 2 A Point by Point Comparison of Measured Values of Total 
Absorption in Original Runs and Check Runs 


Table A. 2.1 Comparison of Measured Values of Total Absorption 
In Dry Air. The comparison is between an original 
run made at top date and a check run made on a 
different gas sample on the bottom date. Values 
are in db/m. 
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2/19/76 


1/26/76 


12/8/75 

3/22/76 

4/5/76 

4 





.127 


.131 

.144 

.145 

.126 

1 .122 

.130 

1 .127 

.134 

.129 

.135 

.135 

.135 


.139 

msnm 

WKsm 

mmm 

.145 

.148 

.149 

.152 

.162 


.137 


.139 

— 

— M 

.152 

—nrji 

.153 

.153 

8 

.190 

.190 

.186 

.i94 

Biii6 

.189 


.207 

,210 

.185 

.186 

.188 

.194 


.188 

.196 

,198 

.201 

10 

.217 

.213 

.218 

.221 


.227 

.230 

.238 

.242 


.220 

.221 

.214 



wKmm 

.229 

.233 


.277 

.273 

.273 

.277 

■lIh 


.286 

.288 

.299 



.271 

.270 

.276 

.274 

.289 

.280 

.291 

.295 



.324 

.325 

.331 

.336 

.340 

.341 

.357 

.362 


.323 

.324 

.333 

.331 

.332 

.340 

.349 

.345 

.362 

22 

.381 

.387 

.389 

.395 

.404 

.396 

— 

.418 

.429 

.388 

.389 

.388 

.396 

.397 

.388 

— 

.415 

.430 

28 

.481 

.482 

.486 

.488 

.508 

— 

— 

.523 

.524 

.493 

.487 

.508 

.501 

.488 

— 

— 

.527 

.551 

35.4 

.649 

.637 

.627 

.632 

.674 

— 

— 

.676 

.669 

.660 

.642 

.657 

.676 

.639 

— 

— 

.686 

.726 

45 

.864 

— 

.897 

— 

.877 

— 

— 

— 

.954 

.801 

— 

.882 

— 

.849 

— 

— 

— 

1.01 

56 

1.11 

— 

1.17 

1.12 

1.27 

— 

— 

1.28 

1.24 

1.10 

— 

1.18 

1.16 

1.16 

— 

— 

1.25 

1,29 


1.58 

— 

1.62 

1.63 

1.68 

— 

— 

1.69 

1.77 


1.56 

— 

1.63 

1.73 

1.65 

— 

— 

1.89 

1.82 

90 

2.16 

— 

2.19 

2.26 

2.20 

— 

— 

2.41 

2.38 

2.12 

— 

2.17 

2.33 

2.25 

— 

— 

2.40 

2,49 


— 

— 

2.54 

2.63 

2.54 

— 

— 

2.67 

2.72 


— 

— 

2.53 

2.55 

2.58 

— 

— 

2.77 

2.84 

Avg. Abs. 
Difference 
(%) 

2.29 

1.64 

1.73 

2.46 

3.02 

2.49 

2.40 

3.11 

4.08 

Average 

Arithmetic 

Difference 

(%) 

1.38 

.41 

-.81 

-1.22 

1.06 

.58 

-.21 

.22 

-.88 
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Table A. 2. 2 Comparison of Two Runs Made on Air at 299 K and 10% RH 
The absorption values are in db/m. 


Measured Total 
Absorption 

3/22/76 

5/21/761 

.374 

WKsmi 

.391 

.395 1 

.405 

WKESml 

.425 

.427 

.442 

.444 

.461 


.475 


.489 

.502 

.511 

.513 

.521 

.530 

.539 

.550 

.557 

.566 

.573 

.593 

BluJ 

.616 

.627 

.631 

.637 

.655 

.660 

.682 

.698 

.678 

.701 

.719 

fggM 

.727 


.753 


.791 

.810 


.832 

.879 

.926 


.973 

.997 1 


kHz 

3/22/76 

5/21/76 

33.4 

1.02 

1.03 

35.4 

1.08 

1.07 

37.5 

1.14 

1.15 

40 

1.15 

1.19 

42 

1.20 

1.24 

45 

1.30 

1.32 

48 

1.36 

1.38 

50 

1.38 

1.42 

53 

1.51 


56 

1.62 

1.61 

59 

1.70 

1.70 

63 

1.84 

1.84 

67 

1.86 

1.99 

71 

2.10 

2.10 

75 

2.28 

2.27 

80 

2.44 

2.39 

85 

2.57 

2.54 

90 

2.75 

2.70 

95 

2.91 

2.84 

100 

3.04 

3.05 


Average 

Absolute 

Difference 

Average 

Arithmetic 

Difference 























































































































APPENDIX B COMPUTER PROGRAMS USED IN THE STUDY 


The symbols used in the following programs differ from those used 
in the body of the text due to the limitations on symbols available in 
FORTRAN and BASIC. Whenever possible, the variables in the programs 
are simply the upper case equivalent of the terms in the text. When 
the text uses Greek symbols, variable names were selected which corres- 
pond to the meaning of the Greek symbol. When the transformation to 
capital letters did not seem obvious, the symbol is either defined in 
the program by means of a comment card or is defined in the writeup 
preceedlng the program in this appendix. 

List of Programs 

B.l Program Used to Acquire and Analyze Experimental Data 
B.2 Program Used to Correct Data for Tube Losses 
B.3 Subroutine AIRAB Used to Compute Pure Tone Coefficients 
B.4 Programs Used to Compute Band Loss Coefficients 
Subroutine SPCTRM 
Subroutine ABSORP 
Subroutine FILTR 
Subroutine BANDL 
Subroutine BANDLP 
Driver Programs 
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B.l Program Used to Acquire and Analyze Experimental Data 


2 PRINT ”PBESURE<TI *S READlNG>»»i \ INPUT 0\PF1NT ”K“H»S GAIN"; \ INPUT 0 

3 GOSUB 36 

4 DIM VC5>\GOSUB 17 

5 GOSUB H \Y2«INT(O>\Y3-CO*Y2>«I00 

6 GOSUB 10 \O«O«‘l-00000£-04\Ul«tNTCO>\U2>lNT((O-Ul>«100> 

7 GOSUB 13 SGOSUB IS 

8 PRINT M3>l\GO TO 20016 

9 GO TO 32175 

10 PRINT "♦WHAT TIME IT IS "IMNPUT 0\RETUPN 

11 PRINT "DATE! ";\ INPUT V»\PETURN 

13 PRINT "♦INPUT TEMP. OF THE SYSTEMi "J \ INPUT H0\RETUP.N 
15 PRINT "♦ REL. HUMILITY! 1)«"1 \INPUT HIVRETUPN 

17 PRINT \PR1NT "♦ D.P. C F>« SEGlNNlNGi F> FlNALi F" 

19 PRINT \PETURN 

20 GOSUB 19120 \GO TO 32180 

30 PRINT "*UNLQCK MIC 4 CLOSE E BEFORE CIRCULATION* "; 

32 PRINT "CONTI. *0*";\INPUT 0 
34 RETURN 

36 PRINT OPEN VALUE'S * LOCK THE M1C> THEN *e'";\lNPUT 0 
38 RETUP-N 
396 /195 

18008 IF F3^D2».7<F5 THEN 28010 \G9-J\G0 TO 28012 
19000 PEM 

19010 PRINT "RESET FOR TEMP. READING.# THEN #CHNS" 

19012 INPUT J 

19020 GOSUB 19060 

19021 11«600 

19022 IF H0>«32 THE.N 19024 \A-'l\GO TO 1902S 

19024 A>1 

19025 FOP 1>1 TO JXGOSUB 19120 

19026 AalMF K>12 THEN 19030 
19026 A>'l 

19030 F0»A*Fl*10» <3-F2) 

19040 T«< 182519>F0/4. S0000E'0S>« . 5*427. 222 
19045 T1»T« l«a*32\P«lNT T#* " C "#Ti;" F" 

19050 NEXT 1\«ETUR.'I 

19060 CALL "XMIT""S"\CALL "XM 1 T""®"\CALL "XMl T”"?’’\ C ALL ”vm j 
19065 CALL "eC”"tF0#E) 

19070 FO® I»1 TO 1000\O- 1 * 2345*2. 3456\NEXT I 
19030 «ETVPN 

19120 CALL "XMIT""fc"\CALL "XMIT""P"\CALL "XXl T""S" 

1912S CALL "XMl T""A"\CALL "®C*»"!F0>E) 

19130 Fl*r4TCF0/lC)\F2«F0-Fl*ie 

19135 FO® 10*1 TO 11\0» 1. 2345*2. 34S6\NEXT 10 

19140 IF Fl>3000 the;; 19150 

19142 A*A1 

19143 GO TO 19150 

19145 IF I«10 ThS.J 19150 \A**1\1F l»I0 THEN 19150 \A»"l 
19 150 PETUR.J 

19160 PRINT "hOV MA.JY ®EAX? TO BE t;cEO»; \ lignM* PJ\»ETU®N 
19200 P»1.-IT " *ADJ PULSEP* THE.N • 0 • \®1T1»®N 

20008 P«1.JT "TYPE E:-ITPY POl.JT 13*"; 

20009 l.JPVT 13 

20010 IF 13>l THEN 20014 \PP1NT ”13*";13;**? STA®* 3*'L®?" 

20014 GO TO 32130 

20016 P9*13\F9» 13 
20030 DIM ®<2S>#Q!2S) 

20035 DIM Y( 1024). T!60) 

20040 DIM VO# 245>\’’9s24S 

20041 F3® 1=0 TO 3\FO° J=1 TO "9 

20042 v<l«j)3e 

20043 next J\ J£XT 1 
20045 CO TO 20200 
20050 ®EM 

20100 GOSUB 30 

20200 P®1.4T "MOVE T«aN 5..#TY®E SEPA®ATlO.J IN METEP"; 

20210 INPUT D2 
20220 GOSUB 19010 

20240 \R-51.JT "o£5ET FOP FPE3. TA.<ING" 

20250 GOSUB 36 
20265 G9=0\GS=0\GOSUB 19200 
20270 INPUT 0 
21010 "-04”; 

21020 INPUT F 

21021 IF F<»6 ThE-N 21022 NCOSUE I9I60 \GO TO 32160 

21022 GOSUB 19060 SGOSUB 19120 
21024 F0*FI* 10» <-?2) 

21026 F3= I 4TC F0- 10*. 49> 

21027 F3-F3/10 

21028 ®Pi:4T ”r:";F3; 

25131 CALL "CO JT""A00KB"\CALL "WAIT" 

25132 CALL "CO.4T""A00LB" 

25134 CALL "VAIT" 

25135 GO TO 28000 
27500 ®EM LEAST 5-2® 

27510 X = 0\X2=0\S1 = 0SS2=0 
27520 FO® J* 1 TO M 

27530 X = X+2lJ)\X2=X2*'2!j>*OtJ> 
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27540 Sl«Sl + Z(J + 20) 

27SS0 S2«S2oQCJ>«:<J*20> 

27566 NEXT J 

27570 Z3bCH«S2*X«S1)/(M«X2-X«X> 

27572 IF Z3»e THEN 27580 
27574 Z3--23 
27580 RETURN 

26000 C0*15«1NT(700/<F3*D2>) 

2B001 FOR 1"1 TO P9+9 
28002 P(t)«0NQCt)-0 
28004 NEXT 1 
28006 F5-15 

28006 IF F3«D2t.5<F9 THE4 26010 \69«1\G0 TO 28012 
28010 G9-0 

28012 IF G9*GB THEN 28014 \G0SUB 19200 MNPUT 0 
2601.4 G8>G9MF G9*l THEN 28018 

26015 IF F3«D2t.3>5*2 THE^ 280)6 \CALL. *‘CONT***‘A90AB”\ GO TO 28020 

28016 CALL **CONT"‘*A60AB'* 

28017 GO TO 28020 

28018 CALL ••CONT"”A20AE** 

28020 CALL "VAl T”N CALL • '•CONT****A001E** 

26022 PRINT " >i«SET FPEC. • 13*’*;13 
26030 FOP X>0 TO C0 
26032 Call "DATI"<0) 

28034 NEXT !< 

28040 FO^ X«C0‘*'l TO 1023 
28050 CALL "DATr'C YU 024-X> > 

26052 NEXT X 

26060 CALL "CONr”*A02Ffc* * 

28070 CALL "VAIT" 

28100 A9-1.8 
26110 GI>*3\J3-0 
26205 IF F4s4 THEN 29000 
28210 J3>4\C0«Ce'^4 

2821 5 V<0)aYt 2)*Y<3)+Y(4)+YtS>*Yl 6) 

28220 FOR .{-1 TO 1021-C0 
28230 YtX)=Y<;< - I )»YtX-*'6>-Yi:<+ I) 

26240 NEXT .< 

29000 REM E.ND OF SMOOTH F‘»NCT10 
2900S A0>0\A1>0 

29010 FOP 1»0 TO 1021“C0\A03A0»Ytl)\NEXT 1 
29012 A0-A9* F3» • 3'‘A0/F4/t90C-C0) 

290 15 :<»l 

29020 0( 1)»A0\A|>A0 
29030 FOP M*1 TO P9+7 
29040 FO* TO 1021-C0 

29049 R(0}»0 

29050 IF YCJ)>A0 ThEJ 29060 \IF YtJ-l)*A0 THEN 29320 
29055 GO TO 29300 

29060 IF Y<J)<»0<M> ThE'J 29300 
29070 C<M)«YCJ) 

29080 R(t1)»1024*J>J3 

29 300 NEXT J 

2930S M*M-l\GO TO 29400 

29320 ■.{•J* 1 

29340 NEXT M 

29400 A0ae\l«l 

29402 F0» J»1 TO :i\A0*A0^OtJ)VJE<T J\Ae»H0/M 

29404 FOP J = l TO M\IF ) -• 5»A|< Gl« A0 THEN 29405 

29405 PU )»PCJ)\I»1* I 
2940 5 NEXT J 

29407 G2>0 

29408 M»l-l\lF M<P9 THEN 29409 \M»P9 

29409 P<0)»2«P< I )\l F P<1)>390 THEN 29410 \P'»1NT l.«T ®Kh. MNl-E’^ 390 

29410 FO” J=l TO M 
29412 P0=o<J - n -PtJ ) 

29414 PPl.VT P0;\lF P0*13 THEN 29420 

2941 5 IF THE:J 29420 

29416 PPINT "DO'JcLE PEAKS 1 \G2* 1 

29420 0 = PCJ J/FM<20*J)»8. 68S09*LOGIO) 

29422 1 FJ»1 THEN 29430 

29424 IF P0-PlJ-2) + P<J- I )< 15 ThEIJ 29430 

29425 G2«l 

29426 P«INT ”(ChK PKS hT"; P W - 1 >; Pt-J ) J **) *’; 

29430 NEXT J 

29435 IF G2<>! THE'I 29440 \PP1NT 

29436 P«INT ”3< 1)<AI: 1 >; AlNPRINT ”28100 A9 »”;a9 
29440 Z 1*2-Zi2l) 

29450 IF M»I THEN 32120 \I 3* F3+ . 0 I* D2\G0 TO 32140 

32120 FOP J=I TO *1 

32122 

32124 NEXT J 
32126 GOSMB 27500 
32140 PEM 

32142 1 F ABS^ F3-66. 5/D2» . 5)>1 THEN 32150 

32144 PPINT •••CHK MAG. PICKUP ThEi4 •0*”;\lNPUT 0 

32150 V(0^ 13)*F3 

32155 V( 1 3>«I 1 

321 60 V<2« I3)aI3 

32162 VI 3/ X3)«D2 

321 70 13al3«'l 

321 75 PPINT 

32160 PPINT ’••GN"; 

32190 INPUT F 

32192 IF F<>20 THEN 32200 \F»20.25\GO TO 21022 
32194 IF F<>50 THEN 32200 \F-50.6\6O TO 21022 


322ae 
32202 
32204 
32210 
3221 1 

32212 

32213 

32214 
32216 

32219 

32220 
32222 
32226 
32226 
32230 
32235 
32240 
33002 
33010 
33015 
33020 
33030 
33040 
33050 
33060 
33070 
33060 
33100 
33110 
33120 
33130 

33140 

33141 
331 45 
33147 

33150 

33151 

33152 

33153 

33154 

33155 
33158 
331 60 
331 70 
33160 
33190 
33192 
33195 
33197 
33200 
33210 
33220 
33230 
33235 
33238 
33240 
33250 
33270 
33400 
33440 
33450 
33460 
33470 
33460 
33482 
33485 
33490 
33495 
33500 
33502 
33505 
335 10 
33515 
33520 
33530 
33540 

35000 

35001 


IF F-0 THIN 20006 

IF F<>3 THBJ 32204 \F4-3\PR1MT "VITH SHOOTH FW.**\GO TO 32180 

IF F<»4 THEN 32210 \F4»4\PRIMT "WITHOUT SMOOTH FIW'NGO TO 32180 

IF F«7 THDJ 20050 

IF F-6 THEN 20 

IF F«9 THEN 32218 

IF F«6 THEN 21021 

GO TO 21022 

PPINT "APE YOU SURE? '9* IF YES/ 'O* 0THERV15E”; 

INPUT F\1F F<>9 THEN 32160 \PP1MT \GOSUB 10 

PPINT SPRINT "••• PLEASE MAKE -AN ENTRY ON THE •• LOG BOOK 

0>0* 1. 00000£-04\U3«lNTCQ>\U4«lNT((O*U3>* 100> 

GOSUB 30 

PRINT " ";"DATE: "I 

PRINT "MEASUREMENT STARTED AT"; U1 J U23 

PRINT " COMPLETED AT"; U3; "i U4 

PRINT SPRINT 

PPINT 

L-1 

N-1 

K»1 

IF V(0/L)>0 THEN 33070 
IF L>»V9 THEN 33480 
L-L* 1 

GO TO 33030 
PEM 

F1*VC0/L> 

FOR l»L TO V9 

IF AB5(VC0/1)-F1>/F1>.01 THEN 33160 
Z(K>> V(0/ 1)SV(0/ I)-0 
Z(K'^20)«VU/ 1> 

0(K)>V(3/ 1> 

IF CiiO<>Q<K-l) THEN 33145 SW10/ I ) -0SPR1NT CtK);t<K>SGO TO 33160 
3<:<+48)*V<2/ I ) 

IF K»1 TKE'l 33150 SPRINT "I » Cl ) ; "K-H2 >" 

PRINT 3CK);2<K+20>#Z<K+40># 

1 F K* 1 THEN 331 53 
PPINT SGO TO 33158 

0» ( t CK+ 19) -2<X*20) >/«CCK>-G<K-l)> 

Ol»CI<K+40)-TCK* 39> >/t3tX)-G(K-l) ) 

PPINT 0/2;01/2 
:<»:<♦ 1 
NEXT I 

IF K»2G0 TO 33460 
M»K- 1 

GOSUB 27500 

YCN» 100>=-:3/2 

PPINT "• C DE/M): "; 23/2; 

B1-’ C21 ) -23* 01 I > 

FOP J» 1 TO M 
3<Jf20)»2CJ+4e> 

NEXT J 
GOSUB 27500 
Yt.J+200)=23/2 
Y < N ) * 2 C 1 ) 

PPINT 23/2 
B3«2< 21 )-23*0t I ) 

PRINT 
N«N+ 1 
L»L+ 1 

GO TO 33020 

PPINT " THIS FPEQ. HAS ONE D15TA:4C£ ONLY" 

GO TO 33020 
PPINT SPPINT 

PPINT "• DATE t ";’H\PPINT 
PPINT "• TEMP. :";H0;"DEG. F" 

PRINT P.H. I ";hi;"x" 

PRINT SP^^INT 

PRINT "TYPE 0/PUSH ON/ THEN PET’J»N" 

PPINT SPOINT 

o»INT "FREO 1ST PKh. SLOPE" 

INPUT 0 

PRINT "TEMP:"JK0;" P.K. :";hl 
F0*» I» 1 TO N 

PPINT YU >;YC1* 100);Y(1*200) 

NEXT I 
END 

PEJI THE END. 
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B.2 Program Used to Correct Data for Tube Losses 


C THIS PROGRAM CORRECTS HCASURCO ASSORPTION PQR TUBE bOSSES AND 

C PRINTS OUT RESULTS ALONG WITH RESULTS PREDCCTED BY PROPOSED 

C Sl«57 STANDARD* 

C ABDBH B amplitude ABSORPTION COEPriCICNT IN DB/ METER 

C OH s ACOUSTIC FREQUENCY 

C P • AMBIENT PRESSURE IN ATMOSPHERES 

C PS « SATURATED VAPOR PRESSURE FOR MATER IN ATN05PHERE8 

C T B TEMPERATURE IN DEGREES KELVIN 

C TF s TEMPERATURE IN DEGREES FAHRENHEIT 

c Navel b navelength of sound nave 
c RHbRELATIVE humidity IN PERCENT 

C ABlaNEASURED ABSORPTION USING FIRST PEAK HEIGHT 

C AB2BHEASIIRED ABSORPTION USING SLOPE OF THE DECAY PATTERN. 

DOUBLE PRECISION OT,nV*DCF#DALFA«ALrAP 
DIMENSION F(200)*AB1(200),AB2(200),FF(200) 

Real Hiiu2fHUN2 

C READ TEMPERATURE IN DEGREES F. RELATIVE HUMIDITY IN t 

1 REAO(S.10}TF,RH 

10 FDRMATfSF) 

tb(tF-32, ) /I ,8+273,16 
WptTF(6,5)T,RH 

5 FORHATdHlilSX, 'ABSORPTION OF SOUND IN AIR'r/rSX* 

2 'TEMPERATURE s'.FS.l*' K '.'RELATIVE HUMIDITY B'.FS.t.' %'»/» 

3 5X, 'FREUUENCY'.BX. 'MEASURED ABS'.IOX, 'PREDICTED* ) 

WRITEC6.61 

6 FORMAT (7X, ' (KHZ) ' #13X. • (DB/R) * »14X. * (DB/M) ’ ) 

C READ DATA IN THE FORM FREO'lEMCY(KHZ) , ABS FROM FIRST PEAK. 

C ABS FROM ECHO, 

KaO 

TlBT/293, 

Vs7,3lRE-2*n**l ,5/(T+l 10.4) 

P=1 « 

P1*P*760, 
no no lal.200 

ion READ(5.in)F( r),ABim.AB2(l) 

TF(F(n ,EQ,0.0)Gn TO 120 
KaK + l 

nTaURliE(T) 

DV«DRLF(V) 

nCFaUBLECFU)) 

C CUMPUTE TURE ABSORPTION 

CALL TUBFC (UT.DV.DCF. ALFAP.UALKA) 

SALKAPsALFAP 

VK1.= 34340,*SOHTCT1) 

mavel»vel/(f ( i)*i,nEi) 

C COMPUTE EMPIRICAL CORKKCTION 

SDALFAs(DALFA}«( 1 ,«,014/rNAVFL*«3, 1 ) ) 

C SEf.ECT FIRST PEAK HEIGHT UR SLOPE 

TK(FCI) .GE,4,KnnAR2a)*ABl(l)»SDAtFA*100, 
JF(F(I).LT,4,tOnAR2(U»AB2(I)-SDALFA*lOO. 
no FF(naF(f)*l,0E3 

120 rONTTHtlfi 

C RUT DATA IN ORDER OF DECREASING FREQUENCY 

no 122 JBI. 200 

nUMal ,0 
DU 121 lal.K 
TFCFF(n.GT,DUM)LaI 
TF(KF(T),GT,DUM)ABl(.t)BAR2(n 
TKKFCn ,GT,nUM)Ft.I)BFra) 

121 tF(FF(I),GT,nUM)f>UMaFF(X) 

TFCDUM.F.n, I , )GO TQ l?3 

122 FF(L)30.n 

123 PI=3, 14159 
VELa343,4*SORl(Tl) 

PS* n 0,0)«*( 20,5315-2939. /T-4,922#ALOG10 IT) ) 
Cvn2*(2239,/T)**?*ExP(-2239,/T)/(l-EXPC2239/T))**? 
CVH2s(3352,/T)**?*EXP(-3352./T)/n-EXP(-3352/T))##2 

HUn2aCVU2*2,*Pr*,20948/35, 

•4irN2aCVN2*2,*PT*. 78084/35. 

HaPS/P+RM 

HFVaO.O 

Ar24 

R*18,4 

no 150 IB1,K 
nMrf(I) 

CFBF(n/1000, 

FR02*P*CA+4,41E04*H*r0,05+H)/(n.391+H) ) 

FpN2*P/(Tl )**2*C9,+350.*H*ExP(-6,l42*((i./Tn**, 333-1 , )) ) 

TERMl*2.«UH«0M/VFL*(FRn2*MUU2)/(0H«UH+FRn2*FR02) 

TERM2*2.»OMftOll/VEL»(FRN2»MUN2)/COM*UM+rRN2«FRN2) 

V»7, 3lflE-2*Tl**l.5/(T+1 10,4) 

TFRri3*nM»OM*(B*iT/295, )»*.5 )*i.e- 12/P 
ALPhAatTERMl+TFRM2+TEB»3) 

ABDhM=XLPHA*8.686 

C ABUI )*(A0l( n-8 ,686*(TERM2+TERM3) )*VEL/F(T ) 

C ABDbHa( ABDHN-8 .o86*(TEPM2+TERH3) )*VEL/F( I ) 

WRrTFC6.20)CF, Abl (T).APDBh 

30 E0PMAT(1X,/.2X. 'STANDARD DEVIATION s',F10,h,2X. 

7 /,2X. 'PARAMETER A 8*,F6,2,' Hl*,5X.'0 *".F6,2) 

20 FURMAT(2X,F10,1,10X,F10,5,10X.F10.5,10X.F10,5) 

150 DEV*nEVt( ( ADI ( T ] -ADDBM) /ABDBM}««2 

200 SDEVaS0RT(DEV/FLOAT(K-l)) 

WKITEC6.301snEV,A,R 

WRITE(6,31)H 

31 FORMATCiX. 'ABSOLUTE HUMIDITY b '.E15.6) 

GO TCI 1 

END 
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SUBROUTINE TUBECCT# VfFrAlFAp^DALrA) 

C THIS PROGRAK COMPUTES TUBE ABSORPTION 

IMPLICIT REAl*8 CA-H«0-Z3 

DlHEHSIOH ARXC3}»AIXC3)»BF0R(3),BP0ZC3) 

DIHENSION RBR(3)*RBIC3),BF1RC3)#BF1I(3) 
SQRTF(X)bDSQRT(X> 

COSP(X)aDCOSCX) 

SZKF(X)ahSINCX) 

EXPFtX)sDEXPtX> 

1 rORMAT(2D) 

2 FORHATUD) 

AFB2«DO*3«1416DO»100n,DO»F 

CVa2*5J)0 

Wb2B»966D0 

ACS«O«8D0 

ACT«O,bD0 

pa760P0 

Ral2,?D0 

RTH=8*3i4407*T/W 

GAHAal.D0+t,D0/CV 

SRTHGsSURTF(RTM*GAMA) 

PPKsl,3J32D3*P 

V0DaV«RTH/PDM 

UpNsVOO*(9.D0»GAHA-S,O0)/4,D0 

ARsl.3333D0*V0D«tlRN 

AI=«RTM»URN/AF 

br=*hth«gaha 

Pt=-AF*(URN-«-U33333nO*VnD3 

ARB2«DO*(AR«AR<fAI*A13 

ApR="tBR*AR<^Bl*AT)/AR 

ARls-(BI«AR-BK*An/AB 

ARAR=AR«AK>fAI*AI 

FRsABR»ABR-AB1»AR1-*-AF«AF«AR/ARAR 

Fls2*D0*ABR»ARI-AF«AF*AI/ARAR 

FRT=SORTF(FR»FR+Fl«FI) 

IFCFI) 11,12,12 

11 GRs‘*SQRTF((FRI+FR)/2,00) 

GO TO !3 

12 GBsSORTr((FRI+PR)/2.DO) 

13 GtaSOftTF(CFRl-FRl/2*ODO) 

Rt2sABR<»CR 

Fl2=ABItGI 

rli=abr-gh 

FIiaABl-GI 

AT“=P/7b0.n0 

RFsSRTMG/AF 

hfs=rf»rf 

GlSHaRM«KFS 

GjSlaKIl»RF5 

G2SRaKt2«RFS 

G2SlaFI2*HFS 

PpcR/PF 

RW=SRm<;»SRT*<G/CVL'n*AF) 

ROlGlsO.UOO 

SnlGRsilKN/VOn 

atSAVaGlSR«GlSR+GlBL«GlSl 

BlTlHaClSI/GJSAV-SQlGR/hW 

BFTlI=GlSR/GlSAtf-SQIGI/KW 

r.2RAVsn2SH«G2SR+G2Sl«G2ST 

RFT2R=G2SI/G2SAV-SQIGR/RW 

«ET2IsG2SB/G2SAV-SOIGI/RW 

FKpAaF/ATM 

cg=gama 

TCa(rG-l,IiO)/CG 

TR=(9*D0*CC-5.D0)/4,D0 

TKal3.3339BO»Cl,nO/SQRTK(CG>*TC»S(lRTrtTB3)*SQRtF(V3/« 

TA=TK*S0RTFCF/P) 

FSV=SQRTFI8,3144D3«CG*T/K) 

OFtiV=aK*FSV*FSV»,001fl32300/SORTK(F*P3 

CAa(1.333333D0+TC*TBl*V«SURTF(»J/T) 

CAal4,10Ar>0*CA*F*F/CP*SQBTFCCG*CG*CGn 

Vri,afF5VDBLV)*iei),DO 

TVaVEL 

ALPHAr(TA+CA)/0.B8fiDf» 

TCA=TA-fCA 
Al.FAa ALPHA 
PCR=*AI.PHA 
PCiaAF/VEL 
Pr2R=VCH*PCR-VCl*PCl 
Pr2I=2,D0*PCR*PCT 
7 Zn=PC2I-AF/V00 

ApAR5S0KTFCPC2R«PC2H+Zl 1*Z1 1 1 

ApiK=-R*SuRTF((PC2R<l>ARAR)*.5r)0) 

Ap1l5R«S0RTpr(*PC2R-fAHAR)«,5D0) 

Z3RaPC2R-HL2 

231=PC2X-F12 

ArAR3SORTF(Z3R»Z3K*Z3I»Z31) 
AK3Ra-R«SQRTF(.bnO«(ARAR-fZ3H)) 
Ar31=R#SORTF(,5UO*(ABAR-Z3R)) 

Z2R=PC2K-KM 
22I=PC21-FIl 

APARsSORTF(Z2H»Z2K'fZ2I«Z21) 

AR7RsR«SQKTF( •5D0*(ARAR+Z2R) ) 

Ap21aR*50RTF( • 5D0*(ARAP-Z2R) ) 

ArX( 1)= AKlR 
ARX(2 )s AR2R 
ArX(3)cAR3R 
A1X(1)= ARII 
AlX(2)s AR21 
AlX(3)sAR31 
no 30 Js),3 
ARs ARX(iT) 

Ajs AIX(.T) 

AAsSORTF(AR»ARfAT*An 
lFCAA-4, >19,19, 25 
CO$X«AR/AA 


19 
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SIKX«A1/AA 

COS2Xsl,DO-2,DO*SlNX»SZHX 

SlN2Xs2.D0oC0SX*SlNX 

B113AA«SINX/2»D0 

B1P3AA«COSX/2.00 

F1MSAA/2.D0 

no 20 I»lf30 

Xcl 

C05PXCC0SX 

C0SX3C0SX«C0S2X-S1NX«SIN2X 

SlHXaSINX«C0S2X<fC0SPX*Slli2X 

FlHc.FlH*AA«AA/(4,O0«X»CX<t>l«DO)) 

BllRsCnSX»FlH 

BlRsBlR-fBllR 

Blll5SINX*FlM 

B1I=B1Z4B111 

lF(FlH«KiH-,OOOOOOOn21»21#20 

20 CORTINUb: 

21 CnBXsAR/AA 
SXNXbAI/AA 

COB2X31.DO-2,DO*SINX«SIHX 

STN2Xs2.DO«COSX*SXNX 

CnSXsC0S2X 

SINX3S7N2X 

F0Ms-AA»AA/4,D0 

BORat .00-AA»AA»CnSX/4«D0 

B0I3«AA*AA*SINX/4«D0 

on 22 Ts2r30 

XsT 

FOMs*FOH*AA«AA/(4.nO«X»X) 

COSXPsCUSX 

cnsxscnsx«cos2X*smx«siN2x 

SINX3SINX«C0S2X«C0SXP*SIN2X 

S01R=FOrt«COSX 

B01IsFOM*SI?JX 

RORaBOR-fBOlR 

BOIaBOI-fBOlX 

TFrFOM«FOH>,OOOOOOOn23«22«22 

22 CnHTINUE 

23 Gr\ TO 2b 

25 ARs-AR 

AI3-AI 

SRZRsSQKTF(.5D0»(AA+AR)> 

SRZl«*SuRTF(.SnO»CAA»APn 
18 AA2sAA«AA 

AA3aAA2*AA 
AA4=AA2«AA2 
AASbAA4«AA 
AA6=AA4*AA2 

ClR=,797eb460U»SRZR/AA 

ClTa»«797Be46D0*SRZl/AA 

ApSRsAR*AR-AT*AI 

ARSR=AR5R/AA2 

APSXs2«uO*AH»At 

ARS1=ARSI/AA2 

APCRSAR*APSR-A1*ARS1 

ARCRaARCP/AA 

ARCl3Al*ARSP-fAR»ARSI 

ARClsARCI/AA 

ApFRsARSRbARSR-ARSlHfARSl 

ARFRsAPFR/AA 

ARF1s2.D0«ARSR*ARSI 

ARFlsAPFI/AA 

apprsarfr*ar-arft*ai 

AHPH=ARPP/AA 

ApPlsARl>R»Al+ARFI*AH 

ARP1=ARPT/AA 

ARHk«ARCR*ARCP-ARCT*ARCI 

AHHpsARriR/AA 

4RH1s2,D0*ARCK«ARCI 

ARHI=ARhI/AA 

CBRlsl.DO+«1171dRDO«ARSR/AA2-,1442000»ARFR/AA4 

CPRlsCRKl-f.b7b59279D0«ARHR/AA6 

CHna-.I17]e8D0»ARSI/AA2«^,14420D0*ARFl/AA4 

CPTlsCBIl*,67b59279D0*ARHi/AA6 

BpRls.375D0»AR/AA2-«10254D0*ARrR/AA34^.2775eD0*ARPR/AA5 

SBlla».375D0*AI/AA24,lO254D0*ARCI/AA3-,27758D0*ARPI/AA5 

4isC0SF(AR»2,356l95D9) 

A2SSINPCAR-2. 3561 9500) 

TFtAl.LT,40,) GO TO 201 

F.Psl.000 

ENs0,0D0 

201 IF(AT,GT,-40,) GO TO 202 
EPsO.OPO 

FNsl.ODO 
GO TO 203 

202 FPaEXPF(AI) 

ENsEXPFC-AI) 

203 CONTINUE 
CFRlaAl*(EP4EN)/2,00 
CFIla-A2*CEP-EN)/2,D0 
SFRlaA2*CEP4^EM)/2.00 
SFTl3Al«(EP*Ei4)/2.nO 

RsClR«CHRl«CFRl-ClR«CBn«CFll«ClI»CBRl«CFll-ClI<CBll«CFRl 

BlRaR-CtR*SBRl*SPRt4ClR«SBn*SF11'»ClI«SBRl«SFIl-fC17«SBIl»SFRl 

Ht:ClI«CBRl«CFRl4ClR«CBIt*CFRl4ClR«CBRUCFIl«ClI«CBII«Crtl 

RlTsBl-ClI*SRRl«SFRl<-CXR*SSn«SFRl«ClRbSBRl«SFtl4CllbSBIl«SFIl 

CRR0al,D0-,07u3125D0»ARSR/AA24,tt2152D0»ARFR/AA4 

CRR0&CBR0-, 57250 tU0«ARHR/AA6 

CBlOa4»0703125DO«ARST/AA2»»11215200*ARFl/AA4 

CRl0aCBZO4,S72501D0«ARKl/AAb 

SRROs.,l25nO»AR/AA24.073242DO»ARCK/AA3««227108DO«APPR/AA5 

SRT0a.l25D0*AI/AA2-,O7324200»ARCI/AA34«227108D0*APPI/AA5 

ASaCnSFCAR-.78S3982D0) 

A6aSlHFCAR-,78S3982D0) 


CFR0bA5»CEP+EH)/2*D0 

CFI03-A6«(EP-EM)/2,00 

SFR0aA6*CEP4EN)/2.D0 

SFlOsAS«CEP-EN)/2.DO 

BOR=ClR»CBRO*CFRO®ClR<iCBIO*CFIO-ClI*CBRO«CFIO-ClI*CB10«CFRO 

BORsBOR*ClR*SBRO«SFRO-fClR«SBIO»5FXO<»ClI*SBRO»SriO-tCiI*SBIO*SFRO 

ROla-CtI«CBXO«CFIO«ClR«CBRO*CriO+CtR»CBIO«CFR04C!l«CBRO«CFRO 

BOXaBOI^ClI«BBIO«SFIO*ClR*SBRO»SFIO«ClR*SB10»SFRO»Clt«SBRO*SFRO 

B1RS»B1R 

BlTs-BlI 

26 RF1RCJ)>sR1R 

BFRR((X)3B0R 

Bf01(J)sB0I 

DiaBFOR(Jj#BFOR(J)+BFOl(JJ*BFOI(J) 
RBR<a)s(BFlRCJ)»BF0R(JUBFll(J)*BF01(J))/Dl 
30 RBl(J)a(BFlI(J)*BFOR(J)-BFlR(J)*BFOUO>J/Dl 

DEL=SORTF(3,l416OO«0ft[-IA««5D0)/(RP*Rt;} 

PEI<S3DEL*C2«D0«ACS)/ACS 

nFLTaDEL«4«5D0ft(7,D0»ACT)/ACT 

DELTDs(SQlGR<f3«SD0)«(S01GR^3«5D0)4>SUIGt«SQTGI 

nEl.TRaDELT*(SQTGR<»(S01GRf3*SDO)>i-SOTGT«SOIGI)/OELTD 

nEr.TI=DELT»(SQIGI*(SQlGB+3.5D0)-SUlGR*S0IGI)/DELTD 

nilRai,O0-nEI.S«CAHlR«RBF(l)-ARlI«RRI(l)) 

D11la"DELS*(ARlX*RBK(n*^ARlR*RHl(l)3 

Sl)l2RaAR3R«R8R(3)*AR3I«RBl(3) 

Sni2IaAR3R»RBX(3l4^AB3X*R6KC3) 

ni2R=i«l}0-(nEtitK«SD12B«PEliTI»SD12I) 

Dl2Xa-DtLTR»SDl2T«DEr.TT«SDl2R 

Ah2AVcAR2H«AR2R^AH2X«AR2T 

Sni3R=(BF.TlR»RBRt2)-BETll#Rbl(2n*RP/AR2AV 

SDl3l=CHFTlR«HBlf2)+8ETlI*RHRC2))»RP/AR2AV 

Dl3RsSDi3R*AR2R>Sl>13T*AR2I 

Pl31s-SOJ3R*AR2l4SD13I«AR2R 
SDi Rapt IR«IU2R-0U 1*1)121 
SniIaDtlR*D121<l>DU1*Di2H 
niRaSOtK»D13R-BDf 1*0131 
Dt iaSDlR*Dl 3 1+SDlI*Dt 3R 

n71Ral«|)0-D£LS»(AR3K«RBR(3>-AR3IaRBI(3)) 

021 l=-ntLS*(AR3R*BBl(3)fAHU*RBR(3n 
.Sn22Ra&K2R*R6R(2)*AH21*HBIC2) 

SP221aAR2K«RBir2)4AK21«RPK(2) 
n22RaUD0-(DELTR*Sn22R-DELTl«Sn221) 
n22la«r>KLTR*S022T-nET,Tl*S022R 
ARIAV=AK1R*ARIP4AR1I»AR1 T 

Sn23Ra(i}BT2R«RBRrl)-RET2)*RBZCin*RP/ARlAV 
Sp23l=(i*ET2K»F'Bl(n-BET2I*RBR(l) )*RP/AR1AV 
n2 3Ra*^B23R*ARlR4SU23r«ARtl 
D23la-Sl>23R*ARll-fS023I*ARlR 
Sn2H=D22R*»23R«D?2I*023I 
Sn2l=D22R*ft23I*b22T*D23R 
n2Ra$02H*021P*SU2X«D2il 
D2faS02t«02lR4BD2K*U211 

D31Ral,u0-nELS»CAR2R*R8H(2)-AR21»FiHir2n 

n3tls«DEr.S*CAR2R«Kni(2)4AB21*RBR(2)) 

SD32RaAR3K*RBRC3)*AR3I*RBl(3) 

SP32IaAR31*RBRC3)4AR3K«RBIC31 

O32Ral.n0-(DELTR«sn32R«DEIiTl*SD321) 

l>32l=-DELTI*SL»32R-nEljTR*S032r 

Sn33R=ftiFTlk*HRKn)-RBTn*HBni))*Rp/ARlAV 

Sn33ta(HFf J R»RR1 Cl ) fRETl T*PbRC 1 ) l*HP/ABl AV 

n33RaARlR».SU33R4ARli«S!t33I 

n3UaARlR*SD3 3T-ARtI«sn33R 

5P3P=033R*032R-U33T*03?1 

Srj31aL)33R«n32I-f033I«Di2K 

t)3RaSU3K*D31R-SD31*D3l I 

n3Ta.SD3K*D3lT4S03i*D31P 

OKst)1R4U2R«U3H 

l)T=i)ll4l>2I-r3I 

ElPaniR 

KliaOlI 

E21R=D11P 

EpIXaOllI 

E22R=D22R 

E22I=D22I 

SR23P=CAR3R*RHR(3)*AR3I*RBI(3))/RP 

SK2iI=(AP3T«RBPC3}4AR3P»RDT(3))/RP 

K23PrSG2 3R*bET2H-SE23l*BT*T2X 

E231s6E23R*hFl2l4SE23I*DET2R 

SF2Hsb23R*F22R-E23l*F221 

SE2laE23R«E22l4L2iI*F2?K 

r2RaE21R*SE2R*F2]X*SF2T 

K21=K2IK*SP21+E21 I*SE2H 

Rp=blR*ClSP-eiI*GlBl4K2K 

FI=btRftClSl4FlI*GlSR4b21 

GSRa(ER*nK4EI*nX)/(DP*nP4DT*DIl 

GSl=(El*DR-ER*Dl)/fDR*np4DI*01) 

PC2PRsGSR/RFS 

PC2PlaGSt/PFS 

ARABa50HTF(PC2PR#PC2PR4PC2PX*PC2PIl 
PCPH=S0rtTF(,5D0*(PC2PR+APAR)l 
PCP1=S0RTF( .5D0*f-pC2pR4ARAR) ) 

VFI,P=AP/PCPr 

ALFAPapCPR 

FlVa(VELP-VFL)/tftr. 

FlAa(ALFAP-ALPHA)/AT/PHA 

VEI.aVEbP 

AI.PHAaAliFAP 

Pf2R=PC2PR 

PC2I=PC2PI 

IF(£IV«EZV*.OU000001)41#4U^40 
40 GO TO 7 

4t IFCE1A«E1A-,000004) 43, 42,42 

42 GO in 7 

43 DALFA=tALFAP-Fll*RF/2,D0)*8,6B6D0 
lOlO FUR«AT(1X, 5015*6) 

PETURrt 
99 COHTINIIE 

EM) 



B.3 Subroutine AIRAB Used to Compute Pure Tone 
Absorption Coefficients 


SVBPOUTJNt A^FAB (P,T,PHfCP,ABDB»i> 

C this PPCGPAP calculates THP. ABSCPPTim. OF SCUhD IN AIR AS A 
C FUACTIOA CF TEFPEFATUpE, KUMiDTTYf PfiCSSUFE, AND FREQUENCY, 

C thF PPCGPAH SFCULD NOT BF USED CUTSinE THE lEPPEPATUPE PANGE 

C OF 0 degrees F C20 DEGREF.S Cl THhnUGH 104 CEGPKKS F 

C (40 DEGREES C) 

C ABOBH s AKPLIlUDC ABSORPTION COEFFICIENT IN CB/ PETER 
C AEDbSC - APPLITUDE ABSORPTION CCFFFICICNT IN CB/SECCNDS 

C AbCBTF = AHPLlTUnE ABSORPITON CCF.FFiriFNI TN CR/IOOOFEET 

C AFLAN = AMPLITUDE ABSORPTION COEFFICIENT FFP NAVfLENGTK IN NRPFPS 

C ALPHA s APPLITUOE ABSORPTION COEFFICIENT IN NEPERS PEP KETER 

C CF s ACCU5TIC FRECUENCY 
C R s APBIENT PRESSURE IN ATKOSPHEPES 

C PS s SATUPATEC VApOp pPESSDpK FCR NATEP IN A^FOSPHEPES 
C T s TEHPEPATURE IN DEGPEES KELVIN 
C TC = TEPPEPATtPE IN DEGREES CENTIGRADE 

C TF s TEPPtPATCPE I« DEGREES FAHRENHEIT 

C HAVEL = wavelength OF SOUM> HAVE 

HEAL HUC2rHUN2 
PIS3.14159 
TJsT/293, 

TC=I-273. 

TF = TC*1.8i32, 

VELs343.4«SCPT(T1) 

VELFPS = VEL«3,2B 
T01s273«16 

PSs20,795S6«(l.-T01/T3-5,02808»ALOC]0(T/T01>4>l,b0474E-4«(l«* 

2 10.««-(8.29692«C(T/T0n*U)n40«42S73E'»3«(lC,««C4*769SS« 

3 n.-(l01/l)))»l.)-2.2195483 
PSslO*«iPS 

HsFS/p«FH 

FFC2sp«(24,44.41E04«K«(0«0S«K)/(O«39l4R3) 

FR>.2sp/SCPTCTt)«C9.4350,«H«EXP(*6«142«(U«/tl)*«»333-U))) 

ALPHAsl.64E*ll42«19l3E-4/Tl«P«(2239,l/T3««2«EXp(*2239«l/T) 

2 /CFP02*(CF*«2/FR02)) 

ALPHA:ALFHA<»8. 161 9E-4/T19P«C3352./T)««2«EaP (-3352 ./t) 

2 /(KPN24CCF*«2/FRM2)) 

ALPHA=ALPHA4SQRT(T1)*CF*«2/P 
WAVELsVEL/CF 
AFlARsAlPbA«WAV£L 
ABDBTF sALPHA«2647« 

ABDRK sALFHA«S.6860 
ABDPSC :ALPKA«VEL<8»686 
CONTINUE 
RETURN 
END 


B.4 Programs Used to Compute Band Loss Coefficients 

The following programs perform the integration required in equation 
6.5 or 6.33 depending on whether the slope of the input spectrum (SB) or 
received spectrum (SBP) is known. A brief description of the terms used 
follows . 

Subroutine SPCTBM (SB, RF, M) 

where 


200 



SB = slope of Input spectrum/bandwidth (db /bandwidth) = change in 
spectrum level over the band of interest 

1/3 

RF = r = ratio of center frequencies for successive band r = 2 
for 1/3 octave bands 

M = slope parameter returned by the subroutine (equation 5.13) 

For the purposes of this report, we will assume SB, hence M, is a constant 
over the band. However, for other applications, one might want to allow 
M to be a function of F. Subroutine SPCTRM requires as input WI, FI, SB, 
and F and returns M. 

SUBPOLTINE SPCTHW(SB/HF,FI,Fr«»VvJO) 

PEAL F 

FsSB/(l0.«ALCG10(PF)) 

V,JQs(F/FT)*-»i (M-1. ) 

PETUPh 
E W D 


Subroutine ABSORP (FJ, T, RH, R, RF, B, N, AJ) 

where 

FJ = lower frequency of the band segment under consideration, Hz 
F = any frequency in the band, Hz 
T = temperature, ®K 
ilH = relative humidity in percent 
R = propagation distance, m 

1/3 

RF = r = ratio of center frequencies for successive bands, r = 2 
for 1/2 octave bands 

B = number of segments into which the band is divided 
N = slope parameter for the absorption curve 
AJ = atmospheric transmission at f, = 10 
Subroutine ABSORP is based on the theory and measurements described 
earlier, in this report and calls subroutine AIRAB which computes pure 
tone absorption coefficients. The subroutine requires as input FJ, T, 
RH, R, RF, and B and returns N and AJ using equations 6.14 and 6.18. 
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SUBPOUTINE ABSOPPCFJ,'r»PH,R,PP 
C IHIS SUEPCUlIfJE USES SUBPOUTINE AIPAP 

C FJ1=FCJ+1) 

PEAL K 

FJl = F0«PF««(r ,/E) 

call AIPAE(1.,T,RH»FJ#ALFJ) 

CALL AIFAE (1 . rT,PH»FJl»ALFJU 
N=(AIFJ1-ALF J J*P/( (10,/B)#ALOG10(PF) ) 
AJ = 10,*« (-AI-FJ*P/10, ) 

FETUPA 

END 


Subroutine FILTR (FI.ilF, B, FJ, K, TJ) 

where 

FI = center frequency of the band under consideration, Hz 
K = slope parameter for the filter under consideration (equation 6.23) 
TJ = transmission of filter at frequency f 

j 

Subroutine FILTR will depend upon the type of filter employed. For a per- 
fect filter, we can set K = 0 and TJ = 1 for f./3> f > f . //3 and TJ = 0 

1 X 

outside these limits. For a more realistic filter, a description such as 
that given in equation 6.21 is required. In this report, we will be con- 
cerned primarily with an ANSI Class III 1/3 Octave Band Filter described 
by equation 6.21 or a perfect 1/3 octave band filter described by equation 
6.20. For other types of filters, subroutine FILTR can be written accord- 
ingly. 


SUBROUTINE F TLTP (F I r FJ , PF , P r K , T J 1 
C THIS SUEPCUITNF USES SUBROUTINE FILTER 

C FJl = F(J-fl) 

PEAL F 

FJlsFJ«PF«*(l./E) 

CALL FILTeR(FI,FJ,T0) 

CALL FILTEP(Fl,F.JlfTJn 

F=ALOG10(1J1/TJ)/(10,#ALOG10(PF)/B) 

RETURN 

END 
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SUBPOUTINE FILTEP(FI,F,I) 

1 = 1 . 

C COMMEKT NEXT SIX STATEMENTS FOR PERFECT FIllER 

C IF(F.LT,,g*FI,AND,F.GE.,2*FI)T=(8,/l3,4 

C 2 2S00.«(F/FI-FI/F)«*6) 

C IF(F ,LE.5.«FI.AND,F.GT,FI/,9)I=(8,/13,+ 

C 2 250C,«(F/FI-FI/F)«*6) 

C 1F(F,IT,FI/S,.0P,F.GT,5,*FI)T=10,«#-7,5 

1 = 1, /I 

C comment NEXI statement for REAL FILTER 

IF(F,CE,FH»1,1225,OR,F,LT.FI/1.1225)1=1,OE-10 

RETURN 

END 


Subprogram BAMDL (FI, R, RH, T, RF, SB, BL, DELTA, CODE) 

Where 

BL = band loss In db = AL^ 

DELTA = difference between band loss and absorption of a pure tone at 

band center = AL^ - a(f^)R 

CODE = a flag to indicate if the integral converged 

The terms FI, R, RH, T, RF, and SB must be read in or supplied by a driver 

program. The subroutine calculates the band loss BL and DELTA when the 

source spectrum slope is known by evaluating equations 6.27, 6.28 and 

6.29. First, the sums are evaluated setting f^ = and working up 

to f, . , = t .'It . For convenience let us call the sum 
b+1 i 

b b 

\ B.(R), BI and \ B.(0), BOI. 

J=1 ^ j=l ^ 

Next, the sums are extended one segment at a time to Include the filter 

-4 

wings until the contribution from any one segment gives BJ < 10 BOI. 

If the filter is down to the noise floor (75 db) before this condition 
occurs, CODE is set equal to 1 which indicates measurements under these 
conditions can not be considered valid since filter noise contributes 
significantly to the measured result. 
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c 

c ^ , 

c 


IQO 


3 

S 


10 

c 


c 

c 


c 


c 


c 


IS 

20 

c 

30 

c 

40 


C 


c 


45 

50 

C 

60 

70 


SUBROUTINE liANDLCFTfR,RH»T»Rr,SB,en»DELTA,CCDt) 

THIS ROUTINE NOMEPTCALLY INTEGRATES TO FTKC THF BAND LOSS IN DR 
THE.'RCUIINE REQUIRES SUBROHTTNE'S ABSCRP#SFC1RH#F ILTR^AND 
' AlRAB 
real KfKfR 
CODEsO.O 
Rs20. 

BJ«0» 

BOJbO. 

IBSB 

CO 10 Js},Tfc 

FJ»FI«RF««((J*1)/B)/RF«««5 
CALL 1 1LTF(M,FJ,RF,H,R,TJ) 

CALL &PCTFN(6B»HF,FlfFJ»N»NJ0) 

F0RNAinX»3El5,6) 

CALL ABSnFP(rj*T«RH,R,PFrBrN«AJ) 

IF(M-A-F,E0.0.)C0 TO 3 

HjBBJ4AJ«hJC«FJ«Tj/(H-N^K)«(RF««((H*N«K)/B)-l •) 

GO TO 5 . 

BjB8J*AJ«i(.lC«T<?«FJ«AL0G(RF)/R 
IE CN4F .feQ,0« )G0 TO B 

BU>lsBLJ«TJ«RJO«f J/(N^K)«(RF«*( (R-tlO/B)-!* ) 

GO TO 10 

PaJ*PCJ*Td*»‘JO*F J*ALnG(RF)/B 
CONtlAUE . 

CQMRFAT ThE REXl CARO FCR A REAL FILTER. 

GO TO 70 

THF VARJAELES SUNOJf SUN J .DUHl » ANO DUN2 APE hORRlNG 
VARIABLES ALC HAVE NO rOUNTCRFAFT IN 1HE IHEOKY 8ECTICN. 
SUNOJaO. 

SUMJsO. 

AON SUN OVER THE LONER FILTER 5KTFT 
rC 20 J«1,3C0 

FJs(Fl/SCFTlRF) )/PF**(J/H) 

CALL F1LTF(M«FJ,PF,B.K.TJ) 

TEST 10 SEF IF THE NOISE FLOOR CF THE FIIIFF HAS BEEN REACHEO. 
iFdJ.U .10.«*(«7,5))GO TO 30 
CALL SPCTRN(SB»FF,P1.FJ«N»WJ0) 

CALL ABSCRP(FJ.TrRH.R,PF*Bf NrAJ) 

IF(l<-A*R.AE.O.)D>lNl«NJO«AJ#FJ«TJ/(M-N4Fl*(PE**C(N»N + l<)/B)-l ,1 
IFCN-A^R .EQ.O.)D<JnUAJ«NJO*TJ«FJ«ALOC(PF )/R 
IFlN^R.RE.O.lUUN^sTjaNJOaFJ/tN+KlNCRFaalfN+Rl/BJ-l.) 

IE CM«K.L0.0.)DH>l2BTJ«ViJC«FJ*ALnG(RF)/B 

TEST CCRVERCEHCL 

1F(DUNl.G1.1.0C-1«RJ)Gn TO IS 

1F(DIIN2.GT.1.0F-3«BQJ)GL TO 15 

GO TO 40 

SUMjaSIIRJ-tOL'Ni 

SUNQJcSUMCJ«CUH2 

SET CCDEsl IF NOISE FLOOR REACHED BEFORE CCAVERGERCE 
COPEBl. 

NON SUN OVER UPPER FILTER SKIRT 
CO SO JB1«3C0 

FjB(Fl*5CPTlPF))»PF«*(J/n> 

CALL FILTF(F WFJ«FP,P#K.TJ) 

TEST 10 SEE IF TH£ NOISE FLUOR CF THE F1I1EF HAS BEEN REACHED 
lF(tJ.LE.10.««(*7.5))GO TO 60 
CALL SPCTPH(SB«RF>FI«FJ,N,UJ0) 

CALL AnSnpP(FJ^T»RH,P,RF fp.N.AJ) 

lF(H-A+F.RE.O.)DUNl8AJ*NFO*FJ«Td/(N»K+K)*(PF«*C(N*RtK)/B)“l .) 

lF(M-NTi(.EC.Q.)CUHlBAO«NFO«TJ«FJ«ALOC(PF)/e 

IF(NTK.NE.0.)DUM2»TJ»NFC«E‘J/(R*Kl«(RF»«((N*in/B)»l.) 

IF(M«K.EO.O.)OUH2bTJ«NPO«FJ«ALOG(PF)/B 

Test convergence 

IF(DUKl.GT.1.0C«n3«BJ)GC TO 45 

IF(DUN2.GT.i.OE-3«BOJ)GC TO 45 

GO 10 70 

SUHJsSUNj4DUNl 

SUMajBSUMCJ4CUN2 

set CCDEbI if noise FLOCP REACHEO BEFORE CONVERGENCE 
C0DE«1. 

BJ8BJ4SUMJ 

B0JaBCj4SUHCJ 

BLb-10.«ALOG10(6J/BOJ) 

CALL ATRAe(l«fT,RH#FliALF) 
celtabbl*alf«p 

RETURN 

END 


Subprogram BANDLP (FI, R, RH, T, RF, SB, BL, DELTA, CODE) 

where 

SB = slope of received spectrum level In db/ 1/3 octave 
and the other terms are defined above. The subroutine calculates the 
band loss BL and DELTA when the received spectrum slope is known. 
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tUMOUTlNE E«NOLP(riiRrPH,r,pr«fB*8L»DELlAfCODr) 

C YMU FGUTINE PUPRPTCALLV I«TRCP«TCS 10 rihD THE 8A«0 tOff TM OB 

e 1HE PCU1TKE PCOUIprS 8U0P0UTINC8 AB8CltP*8»C1BN#rfLYP»AMD 

C «1PAB 

HEAL 

CGDE«0«0 

■«10. 

tJ«0* 

PJOsO. 

1B«B 

CO to Jal,TE 

FJsf1«PF««((J-1)/B)/NF«««S 
CALL FU1A(Fl«rj#AF«B,K,TJ) 

CALL SPCTAN(8B«PF»ri»FJ>0«Mjn) 
too F0AAAI(lX,4ilS««) 

CALL AB80PP(rj*l»pH»P,PF»B«NrAJ) 
lF(Q4fc«K.E0«0,)C0 TO 3 

BJ0sB0O4AJ0/AJ«FJ«TJ/(Q«N4F)«(PF««C(e4P4F)/e)*U) 

GO TO 5 

3 ej0sKj4ftJC/AJ«TJ«FJ*AL0G(RP)/l 

s if(F4A.eo«o.)go to i 

BjaBJ«TO«hJC«rJ/(04K)*(PF««(CG4F)/B)*U) 

CO TO 9 

• FJaBJ4lJ«AJC«F*l«AlOG(PF)/B 

n ALa.lO««ALOClO<BJ/Bjn) 

10 CONTTAUfc 

r COMhKAT ThF FOLLOWING CABD FOP A PFAl FUIEP 

GO to 75 

C ThF VAPlABLiA SUPCJf SUPJ «DUM] « APO PUPS APE PQHRXNG 

C VAPlABLEff AAr HAVE NO rOIIKTEPPAPT IP THE 1HC0PY 8EC1ICN* 

AUMOJaO, 

SUPjaO, 

r AON StP OVEF THE LOAFP FILTEP 8PTPT 

CO 20 Jal,3Cn 
FJa(Fl/SOPT(PFl)/PP««(J/R) 

CALL FlLTP(Fl,Pjfpv,P,K,TJI 

C test 1C SEE IF the NOISE FLUOR CF THE FllTFR HAS BFEN REACHED. 

C TF(Ti1.LF.10,ia(«7.5))Cn TU 40 

lF(TJ.LE.10.««(-7,S)lGn TO 30 
CALL SPCTPM(SB»PF*rj»F.i«C«HJOJ 
CALL ABSORP(FJ#T»PH>P»P» .n.N.AJ) 

]F(C4K«A.KC«0«l£HHlBkjr/AJ«FJ«TJ/(O4N4K)l(PF««tC04N«N)/B)»l.) 
IM04K4A.E0«0«)0HFlaMJC/AJ*TJ«FJ*AI.UG(Pn/e 
IF(04K.AE.0.)OUP7BTJ«HJ0«FJ/<G4A)«rRF«i((C4P)/P)«l.) 
)F(g4A.EC.0.)0llF2BTJ«NJG«FJ*ALnGtRr)/B 
C TEST CCAVEPGFnCE 

IF (CUM .Cl . 1 .0F-3«nj0)CC TO IS 
lF(CUF3.C1.1,OE«3«PJ)Cn TO IS 
CO TC 40 

IS suHj«£UFJ«niaa 

20 SUH0J«8llHC-.l4nuPl 

C SET CLCEal IF NCTSF FLOCP PEACHED BEFORE CCKVEPLFNCE 

30 rODEsl. 

C NO* SIN OVER UPPER FILTER SKIRT 

40 CO SO JBI, )C0 

FJ«(Fl«50FT(PF))«pr««(J/R) 

CALL FILTP(F1.FJ«PF,R«K,TJ) 

C TEST ir SEF IF IHe NOISE FLUOR CF THF FILTFF HAS BEF.N PEACHED 

C IF(TJ.Lt.lO,»*(-7,S))G(? TU 70 

IF (TJ.LI .10.««(-7.S))gO to 60 

CAU SPCTFN(8b.RF,Fl.FJ.0.HJ0) 

CALL AH£rFP(FJ.1 .RH.R.PF .B.N.AJ) 

lF(U4A4K.AE.a.)CllNtahiFr/AJ«FJ*TJ/(04N4R)«(PF««r(G4N«N)/B)»l .T 
IF rC4r «K.EQ.0.)CMKl8AFr/AJ«TJ«FJ«A1.UG(RF )/P 
IFrC4A.AE,0«)DtlN2BTJ«AFC«FJ/<G4K)«(RF««UC4F)/P)«|.) 

JF rU4A.F0«0« )0HF2aTJ««FC«FJ*A10CtRF)/B 
C TEST CrNVF.PCFNCE 

IF(DUM,Gl.l,OF»OJ«b.lO)Cn TO 45 
lF(DliF2.C1.1.0F-T«RJ)cr TU 45 
GO TC 7C 

45 50^J«£UF J^niNS 

50 SUA'CJBSLFC^IirUNl 

r SET CCDEal IF NU15F FLOCP PEACHED BEFORE CCAVEPGEACt 

60 CODEal. 

70 KJaBJ«8CNJ 

PJ08BJC451NCJ 

75 RLa»lU,«AL0C10rk.T/Pjn) 

CALL AIRAEM.rT.PH.FI.ALF) 

CFLTA«BL*ALF«P 

PETUPA 

FND 


205 



Driver Programs: 

Various driver programs using the subroutines above were developed 
for special purposes In this study. There were three driver programs 
most frequently used. The first of these generates tables of band loss 
coefficients In teinns of the source spectrum slope. This program, as does 
all those which follow, requires no input. The program internally incre- 
ments temperature, relative htimldity, and propagation distance and produces 
tables such as those shown In Appendix C. 


C Pf'C-GHAI' TC C*LfUL*Tt APSnPPTICN OF A bAhT CF hClSt. 

C INPUT PkCLTFEO 1»:CIUD£.^ RELATlVt HUF IL 1 1 Y * 1 EMPFH A1 UPb , 

C SOUpCt FrilCFFiAFQ PPuPAGATlOh CISTAFCE, 

C SUP FUNCIICK TC GFNFPATE Cf.KTFP FPLCUEhClFS OF 1/3 PCTAVE BANDS 

ISTEChP .«TFf (10),DFCADF 
DU'ENSUh AlCSS(0),DIST(ft) 

CIST(n=5. 

C1S1(2):1Q. 

CISTf J)*2C. 
ni.'5l(4)s5C, 
niST(5)sl00, 

r.lST(6)s200. 

DISK7U400. 

r.lSl(«ls720, 

SUF(6)*1250000 

SjFP(7)sUOCOO*' 

SUPU)a?CO(iOOO 

5lEP(S)*2bOC00D 

5UP(10)S3150000 

5TI-pn)*40OC0O 

5lEp(i)s500000 

SlFp(3)sF30C00 

SU:p(4)sHC0C<i0 

S'IFP(b)slOOCOOO 

icnuNiay 

7s277,b9 

C nn 25 nusi»3 

C IsT*2b, 

HHSIO. 

C >.u 25 UI , 3 

C P/}SPW*5C, 

.SiJS.A, 

nij 25 1J = 1,5 
SbsSft*2. 

DECAnta J OCO 
JcDUNlairCUM#! 

IF ( ICU1NT.L(. . ITK(6» lO) 

IF ( lCLll^T,E'»«4)ireHfcTal 

10 FoPpAirinn 

1Fsy./*),«lT-273,Tb)+32, 

KM1K(6, 1 )Sk;, I»1F,PH 

1 HJHPAl (IX, '«*••*•••«•**•*****«*••«•*•*•*••*••*•••*•••«••••*' , 

1 

2 s',K 4,1,* DH/llllHD triAVK T s ’,Fb.l,*F (‘rFS.l, 

3 'F ) Bh = ' /F5, I » » » ' ,/) 

APUF-Cft,?) 

2 FIJHPAI (4X, 'FPF;Q A (F) *, 25X» 'DISTANCE, F',/,bX» 

2 MZ r-C/F b to 20 5C 100 200', 

3 ' 400 720*) 

PF=2,«»(, 33333) 

ru 20 .ls|,2 
DECADtsLFCACF/10 
hu 20 1=1, 1C 

FI=F! LAI (STtFlL J/DFXAUE) 

Jf (FI,G1,lOC000,)cr Tt 25 
CALL AIhAp(l,,T,Dh,Fl,ALrsScm 
CL 10 nisi,H 
PsIUS’KlII) 

CALL bAADL(F ! , P , PH,T , PF ALDSSU 1 1-»1 ) ,CnOF ) 

19 TF (COLF.FC. 1 . ) ALOSS ( U T ♦ I )*^9,09 

IK At CSS (1 IJ ♦ 1 ) ,Il,-99,99)ALOSSl UT*t ) = 99,99 

20 kATIFIA, 151F 1, (AL0SSrK),Ksl,9) 

15 FHFF AT r 1 X,FF.0,2X,Ft),4,B(2X,Ffe,2) ) 

25 CUMIMJfe 

£ lOP 
FND 


206 


II 


The following program generates tables of band loss correction 

factors In terms of the received spectrum slope (S'), 

B 


C PPOCBAM tC CALCULATE ABSOFPTICN OF A BAKC CF hOX5t, 

C INPUT PtCUIFED INCLUDES RELATIVE HUMID ITT fTEMPCBAlUBE * 

C SOUpCfc |iOlLCrK*AND PROPAGATION DISTANCE. 

C step FUNCTICN to generate CEHIFP FRECUENClEfi OF 1/3 OCTAVE BANDS 

i INTEGER STEF (10) , decade 

CJNENSICN ALC5S(9)fDTST(0) 
riSKDBS, 

CiST(2)s10. 

CXST(3)s20. 

ClST(4)s5C. 

ni5T(S)sl00« 

ClST(b)s200. 

CIST(7)*400. 

C1ST(S)s730. 

STEP(6)>12%C000 

STEP(7>sl60C000 

SIEP(B)«20OC000 

STEP(9)s2S0C000 

5TEpnO)s3ISOOOO 

STEPd )s40OC00 

S1EP(2)s50OC00 

STFP(3)x630COO 

S IEP(4)a800COO 

STFp(5)BlC0C000 

ICUUNTbO 

1*305.37 

C CO 25 TIIISW3 

C 1*T*2S. 

PHS90. 

e. CO 25 1*1.3 

c PH=pH-»50, 

SbP«-I0, 

CC 25 

SBPsSBF*2. 

CFCADkslOCO 
1C0UN1*1CCUM+1 
IFdCCUM.Ft ,4)*RITL(6,10) 

I> nCf UM.EC,4)ICCUNTsl 
to FOPHAT(lHl) 

TFs9./5.*(T-271.16)+32. 

i^RtTE(A.nSBP,T>TF»RH 

1 FORMAT (IX. * •**•«*«••*•««•*••*«*•*«*««**•«««•**••••*••*••••• ' * 

1 •««•«! »•«««««••««•«•••••••••••<«••. 

2 / » i IX. 'SPF«* .F4.0, ' DB/THIPD CClAVF T » '.FS.l.’K ('.F5.I. 

3 'I ) Ph s'.Fb.l* ' %•./) 

VkpI1F(6*2} 

2 FORMAT (4X. «FPEC A (F ) ' , 25X . ’ D 1ST ANCF. . M*,/.5X. 

2 'HZ Dfi/f 5 10 20 50 100 200». 

3 • 400 720M 

R|^s2.««(.33J3J) 

CO 20 jal,2 
CECADk*CECALk/lU 
ro 20 1*1, 1C 
F 1*F1CA1 (£TkP(L)/DECACF ) 

IF(F I.Gl .lOCOOO. )GO TO 25 
CALL ATFAeU.,T.WH,Fl.ALnSSCl)) 

CO 19 

B*nisi(itn 

CALL t*KDLP(Fl.B.PH,T.PF,SHP»BLP.AL0SS(Ul4l).r00tP) 

19 lFCC0CEF.g0,l.)AL05S(lTl*U*99.99 
IF(ALCS5U!141 ),LT.-99,99)ALnSS(TlI*n«99,99 

20 1*H1TE(6.15)F I. (ALCSS(K).KbI ,9) 

15 FORMAT (JX.Fk.0.2X.Fb.4.8(2X.F6.2)) 

25 CONTIMIk 

STOP 
FNO 


The third driver program computes differences between attenuation 
at some temperature and relative humidity and the attenuation over the 
same propagation path under standard conditions of temperature 

and relative humidity For sample output see Appendix C. 




e PROCBJtN TC calculate AiaOAMION or A BAUD cr NOIBE* 

e IhBUT BECUIBED INClUOEf BCLATm HUMI01tT#TIM»EIIATUllB» 

C BOUBCl BOLLCrr«A«S BBOPAGATIOH SUTANCB. 

C BTCP rUMCTXCB TO CCMCBATC CENTCP rUCGUlliCIEC OP t/3 OCTAVE BAUDS 

IMTCCEII S1EF<10)»DECADC 
D1NCB8ICM Dirr(9)rDZST(l) 

C1BT<1)»9, 

ClST{2)BtO. 

C18TC3)«20« 

D1STM)*5C« 

01ST<9)«100. 

D18TC6)a300. 

C1ST(7)«400. 

C161U)«720. 

8TCP(6)«12500ao 

STEP(7)«160C000 

STCP{8)«2000000 

8TEPC9)s3SOOOOO 

8TEP(t0)«3150000 

8TEp(l)«40OQ0O 

8TCP(3)b50OC0O 

8TEPO)>630000 

8TCP(4)«900CDO 

8TEPCS>slOOCOOO 

ICOUNTbO 

PHREF«70. 

TPEr«(59.-32.)«S./9.«373,lft 

Tb377.6 

C CO 25 lITlalM 

C 1«T<f2Q. 

PHBtO. 

C CO 25 1*1,3 

C F}ispH-»50. 

5APS-10, 

CO 25 ii«i,e 
S0P«SeP43, 

DECADEbIOOO 

lCOUNl■J^CU^Tfl 

1F(KCUKT,FC.4)kP1TE(6*10) 

IF(ICCUKT,EC.4)ICOllNTsl 
10 FQPHAT(lNl) 

7Fs9«/5.«(T-273.t6)432. 

kPI1E(6,1)5eP,T,TF»RH 

1 FCRPAK IX, •«•••«••«••«•«•••«•«•«•«*««•««««•«••«•••••««*«•««% 

1 

2 /, t IX, 'SRP*' ,r4.0, • nU/IHlRD CC1AVE T • ('»F5,1« 

3 *F) Ph * • ,F5.1 , • %',/) 
t^PI7E(6,2) 

2 FCRpA1(4Xf 'FPEO OA (F )' ,25X ,• DISTANCE , R',/,5X> 

2 'HZ Ce/F 5 10 20 SC lOU 200', 

3 • 400 7201) 

PF«2.«*t*33333) 

CO 20 J«1 ,2 
DECACfesCECACE/10 
CO 20 Lxl,lC 

FX«FlCAl(STkF(L)/DECAOF) 
lFCFl«C1.10COOO.)Gn TO 25 
CALL AlPAen.,T,RH,Fr,ALR) 

CALL AIPAeU.,TpFF,HHPFF,FI,ALS) 

C1FF(1)*ALR-ALS 
FlMl*k I/RF 
FlPlxf 1«RF 

CALL AIPAE(l.,T,RH,FtPl,ALPl) 

CALL AIPAE(l.,T,PH*FTHt,ALMl) 

CO 19 ni«l,9 
PsClSKIin 

CALL £AACLP(F1,P,PH,T,PF,5RP,PLP,AL05SP,CCCEP) 

CSL0PE«(ALM1-ALF1 )«R/2« 

SUsSRF«CSLOFE 

CALL BAKDKF l,P,PHREF,TPFF,RF,Sa,BL,AL0S8,CCDE) 

CIFr(21l4l)3PLP-BL 

1F(COCFF,E0.1,)1:IFF(IIX<»U«1000.0 

19 IF(COCE.EC.1.)DIFF(IU«1)«1000, 

1F(AB5(LTFF(IIT<»Y )).GE«4i00.)CTFF(IlT«l )slOOO«0 

20 t*PTTE(6,15Ul, (DIFF(F),Ksl,9) 

15 F0RRA1(1X,FE.0,2X,F5.3,6(2X,F6.2)) 

25 CONTINUE 

Slop 
END 
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APPENDIX C - TABULATED LOSS COEFFICIENTS FOR BANDS OF NOISE 


C.l Tables of Band Loss Corrections (a) 


In the following tables the following nomenclature is used to the 
exclusion of symbols used elsewhere in this report. 


SB = Source Spectrum Level Rolloff, db/ 1/3 octave 
SBP = Received Spectrum Level Rolloff, db/ 1/3 octave 
T = Temperature of Atmosphere 
RH = Relative Humidity 
F = Center Frequency of Band, Hz 
A(F) = Pure Tone Absorption Coefficient at F, db/m 

A = Band Loss Coefficient - A(F) x Propagation Distance, db 
= Correction Factor, db = value given in table 


Example Calculation 


Find Band Loss Coefficient for and ANSI Class 111 1/3 Octave Band 
Filter (see equation 5.21 with a center frequency of 50 kHz, a propagation 
distance of 20 meters, at a temperature of 298*^K and at 70% relative 
humidity. Assume the source spectrum level rolls off at 2 db per 1/3 
octave. From table C.l, A(50 kHz) = 1.6946 db/m x 20 meters -3.56 db 

= 30.33 db. 


Table C.l 

Table C.2 
Table C.3 

Table C.4 


page 

ANSI Class III, 1/3 Octave Band Filter . for Known Source 

Spectrum. 210 

Perfect 1/3 Octave Band Filter for Known Source Spectrum. . 214 

ANSI Class III, 1/3 Octave Band Filter for Known Received 

Spectrum. 218 

Perfect 1/3 Octave Band Filter for Known Received Spectrum. 222. 
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Table C.l ANSI Class III, 1/3 Octave Band Filter for Known Source Spectrum 



8 B •• 4 , 

.0 

cb/tnifd octave 

I • 

305 , 4 K C 

9 o , or ) 

FH ■ 

90,0 8 


mo 

ACF ) 




01 BTANCL « 

M 




HZ 

OB/N 


5 

10 

20 

50 

100 

300 

400 

720 

4000 , 

,0384 


• 0,00 

- 0,01 

• 0,02 

- 0,05 

- 0.09 

- 0,30 

- 0,43 

• 0,86 

5000 . 

,0342 


• 0,01 

- 0,01 

• 0,02 

• 0,06 

• 0,13 

• 0,26 

- 0,58 

- 1,21 

4300 , 

,0428 


• 0,01 

• 0,02 

• 0,03 

- 0.09 

• 0.18 

- 0,40 

- 0,91 

- 1,98 

• 000 . 

«0564 


• 0,01 

- 0,03 

- 0,05 

• 0,14 

- 0,29 

- 0,66 

- 1,59 

- 3 . 7 i 

10000 , 

• 0760 


• 0,02 

- 0,04 

• 0,08 

- 0.22 

• 0,48 

- 1,12 

- 2.89 

99,99 

13500 , 

,1063 


• 0,03 

- 6,06 

- 0,13 

• 0,36 

• 0.81 

- 2,00 

99,99 

99,99 

16000 . 

,1597 


• 0,05 

• 0,10 

- 0,22 

• 0*63 

- 1,51 

- 4,10 

99,99 

99,99 

30000 , 

• 2361 


• 0,08 

- 0.17 

- 0,36 

• 1,08 

• 2,78 

99,99 

99,99 

99,99 

3 SOOO . 

,3545 


• 0,13 

- 0,27 

• 0,60 

• 1.93 

• 5,60 

99,99 

99,99 

99,99 

31500 . 

,5452 


• 0,21 

- 0,45 

• 1,04 

• 3,72 

99,99 

99,99 

99,99 

99,99 

40000 , 

.8541 


- 0,34 

- 0.77 

- 1.90 

99,99 

99,99 

99,99 

99.99 

99,99 

50000 , 

1,3974 


• 0,55 

- 1,30 

- 1.47 

99,99 

99,99 

99,99 

99,99 


63000 , 

1,9878 


• 0,91 

- 2.39 

99,99 

99,99 

99,99 

99,99 



80000 , 

3,0515 


• 1,53 

- 4.29 

99,99 

99,99 

99,99 

99.99 



100000 , 

4,4799 


• 2.50 

99.99 

99,99 

99,99 

99,99 





SB B-2. 

,0 

Ce/THIFD octave 

1 ■ 

305 . 4 K f 

90 . 0 F ) 

PH • 90,0 \ 


FH 60 

A ( F ) 




DlSTAHCE # 

¥ 




HZ 

DB/H 


5 

10 

20 

50 

too 

200 

400 

720 

4000 , 

.0284 


• 0.00 

• 0.01 

- 0,01 

• 0,03 

• 0,06 

- 0.14 

• 0,30 

- 0.64 

5000 , 

.0342 


• 0,00 

- 0,01 

- 0.02 

- 0,04 

• 0,09 

- 0,18 

- 0,42 

- n ,92 

6300 . 

.0439 


• 0.01 

• 0.01 

- 0,02 

- 0,06 

- 0,13 

• 0.28 

• 0,68 

- 1.54 

8000 . 

.0564 


- 0,01 

- 0.02 

- 0,04 

- 0.09 

- 0,20 

• 0,48 

- 1.22 

- 2,96 

10000 , 

,0760 


• 0,01 

• 0.03 

• 0,05 

- 0,15 

• 0,34 

- 0.84 

• 2.30 

- 6.04 

13500 , 

,1063 


- 0,02 

• 0,04 

- 0.09 

• 0,35 

• 0 . S 9 

• 1,56 

• 4.60 

99,99 

16000 . 

,1597 


• 0.03 

- 0,07 

• 0,15 

- 0,45 

-1,16 

• 3,28 

99,99 

99,99 

30000 . 

,2361 


-O.OS 

• 0.11 

- 0.25 

• 0.81 

• 2.21 

- 6.90 

99,99 

99,99 

3 S 000 , 

.3545 


• 0.09 

- 0.19 

• 0,43 

• 1.51 

• 4,42 

99.99 

99.99 

99.99 

31500 . 

.5452 


• 0,14 

- 0.32 

- 0.78 

• 3,98 

99.99 

99.99 

99.99 

99,99 

400 C 0 . 

.8541 


• 0.34 

- 0.57 

- 1.48 

- 6*39 

99.99 

99.99 

99.99 

99.99 

sooco. 

1.2974 


- 0,40 

- 1.00 

- 2.77 

99.99 

99.99 

99.99 

99.99 


63000 . 

1,9878 


• 0,68 

• 1.80 

- 5.49 

99,99 

99.99 

99.99 



800 C 0 . 

3.0515 


- 1.18 

- 3,37 

99.99 

99,99 

99.99 

99.99 



lOOOCO. 

4.4799 


• 1.96 

- 6,35 

99,99 

99,99 

99,99 





SB > 0 . 

c 

cb/thtfo octave 

1 * 

305 . 4 K C 

90 . OF ) 

FH ■ 90.0 % 


KPEO 

A<F ) 




DISTANCE. 

¥ 




HZ 

DB/P 


s 

10 

20 

SO 

too 

300 

400 

720 

4000. 

.0284 


«0«00 

• 0.00 

- 0,01 

- 0.03 

• 0.04 

• 0,08 

• 0.19 

• 0.42 

5000 . 

.0343 


• 0,00 

-0,00 

• 0,01 

• 0,02 

• 0.05 

• 0,11 

• 0,26 

• 0.63 

6300 , 

,0439 


• 0,00 

• 0.01 

• 0,01 

• 0,03 

• 0,07 

• 0,17 

• 0,45 

• l.li 

8000 , 

.0564 


• 0,00 

• 0.01 

- 0,02 

• 0,05 

• 0,12 

• 0,30 

• 0.87 

-2.JS 

lOOCO , 

,0760 


• 0.01 

- 0.01 

- 0,03 

• 0,08 

• 0,30 

• 0,57 

• 1,76 

- 4.86 

12 SC 0 , 

.1063 


•0.01 

• 0,02 

• 0,05 

• 0,14 

• 0.38 

• 1,15 

• 3.71 

• 11,29 

16000 . 

,1597 


• 0.02 

• 0.04 

• 0,08 

• 0,28 

• 0,82 

• 2,59 

• 9.06 

99.99 

20000 , 

.2361 


• 0.03 

• 0,06 

• 0,15 

• 0,55 

• 1,69 

- 5.60 

99,99 

99.99 

25000 , 

,3545 


• 0,04 

- 0.10 

- 0,27 

• 1,10 

• 3.56 

99.99 

99,99 

99,99 

31500 , 

,5452 


• 0.08 

- 0,19 

• 0,52 

- j.ij 

• 8.04 

99.99 

99,99 

99,99 

40000 , 

.8541 


• 0.14 

- 0,37 

• 1,08 

• 5.17 

99,99 

99,99 

99,99 

99,99 

SOOCO , 

1,2974 


• 0.24 

- 0,69 

• 2.16 

• 11,76 

99,99 

99,99 

99,99 


63000 , 

1,9878 


• 0.45 

• 1.35 

- 4,41 

99,99 

99*99 

99,99 



80000 , 

3.0515 


• 0.84 

- 3.65 

- 9.74 

99,99 

99,99 

99,99 



100000 . 

4,4799 


• 1.48 

• 4.93 

99,99 

99,99 

99,99 





SB s 2 . 

c 

CP/THIPD OCTAVE 

T » 

305 . 4 K C 

90 , OF ) 

FH > 90,0 9 


FPEC 

ACF) 




DISTANCE. 

¥ 




HZ 

DB/P 


5 

10 

20 

50 

too 

200 

400 

720 

4000 . 

,0284 


•O.OQ 

• 0,00 

- 0,00 

- 0,00 

- 0,01 

- 0.02 

- 0,07 

- 0,21 

50 C 0 , 

.0342 


- 0,00 

• 0,00 

• 0.00 

• 0,00 

• 0.01 

- 0.03 

- 0,11 

- 0,35 

6300 . 

.0429 


0,00 

0.00 

- 0.00 

- 0,00 

- 0.01 

- 0,05 

• 0,33 

- 0,72 

8000 , 

,0564 


0.00 

O.OQ 

- 0,00 

•O.Ol 

• 0.03 

• 0.13 

• 0.52 

- 1,70 

10000 , 

,0760 


0,00 

0,00 

- 0.00 

• 0,02 

- 0.07 

• 0.30 

• 1,23 

• 3,88 

13500 , 

,1063 


0.00 

• 0,00 

- 0.00 

• 0,04 

• 0.18 

• 0,74 

- 2.89 

• 9,15 

16000 , 

.1597 


0,00 

- 0,00 

- 0.02 

•C.ll 

- 0.48 

- 1,93 

- 7.43 

99,99 

20000 , 

,2361 


• 0,00 

• 0.01 

• 0,04 

• 0,29 

•l.»7 

• 4.53 

99,99 

99,99 

35000 , 

,3545 


• 0.00 

- 0,02 

- 0.11 

• 0,70 

• 3.76 

- 10.84 

99.99 

99,99 

31500 , 

,5453 


• 0.01 

• 0,06 

- 0.27 

• 1.71 

• 6.58 

99.99 

99,99 

99,99 

40000 , 

• 8541 


• 0,04 

- 0,17 

- 0.69 

- 4,15 

99.99 

99,99 

99,99 


SOOOO , 

1,2974 


• 0.10 

- 0,39 

- 1.56 

- 9,48 

99,99 

99,99 

99,99 


63000 . 

1,9878 


• 0.22 

- 0,90 

- 3.49 

99,99 

99.99 

99,99 



80000 , 

3,0515 


• 0,51 

• 1,98 

- 7,80 

99,99 

99,99 




100000 , 

4,4799 

• « 

• 1.01 

• 3.91 

99.99 

99,99 

99,99 





210 




S0 ••4.0 

CB/THIIID OCTAVE 

. 7 ■ 

290.2K ( 

77, on 

BH • 

70.0 4 


rKfl 

Acn 



OISTANCEf 

R 




HZ 

OB/M 

5 

10 

20 

50 

lOO 

200 

400 

720 

4000, 

.0226 

•0.01 

• 0.01 

-0,02 

• 0.05 

-0.11 

-0,23 

•0,50 

•1.03 

5000. 

.0304 

•O.Ol 

•0,02 

-0.03 

-0.00 

•0,17 

-0.37 

-0.04 

-l.OO 

OJOO. 

.0430 

• 0.01 

-0,03 

-0.05 

-0,13 

-0.20 

-0,62 

•1.49 

-3.44 

1000. 

^0636 

•0.02 

• 0.04 

-0.00 

-0.22 

•0.40 

-1,11 

•2,07 

99,99 

10000. 

.0539 

•0,03 

•0.06 

-0.13 

-0,36 

-0.01 

•2.00 

99,99 

99.99 

12500. 

.1407 

• 0.05 

-0.10 

-0,21 

-0.99 

• 1,41 

•3,70 

99,99 

99.99 

16000. 

• 2233 

• O.Oi 

-0.16 

-0.35 

•1.06 

-2,71 

99.99 

99,99 

99.99 

20000. 

.3370 

• 0,12 

•0.36 

-0.57 

•1,04 

-5,32 

99.99 

99,99 

99.99 

25000. 

,5092 

-0,19 

-0,41 

•0,94 

•3,32 

99,99 

99,99 

99.99 

99.99 

21500. 

.7739 

• 0,29 

•0,66 

• 1,50 

99,99 

99.99 

99.99 

99,99 

99.99 

40000. 

1.1735 

• 0,45 

•1,05 

-2.71 

99,99 

99.99 

99.99 

99.99 

•••.» 

50000, 

1,6946 

• 0.66 

-1.60 

•4.69 

99.99 

99.99 

99,99 



63000. 

2,4120 

• 0,94 

-2,40 

99.99 

99,99 

99,99 

99.99 



toooo. 

3,3699 

• 1.30 

-3.79 

99.99 

99.99 

99.99 




lOOOCO. 

4.4900 

• 1,75 

99.99 

99.99 

99.99 

99.99 






SB «-2,0 

CB/IHIRD OCTAVE 

T m 

29B.2IC ( 

77. on 

RH ■ 

70,0 1 


FBEO 

A(F3 



OISIAHCE# 

N 




HZ 

DB/H 

5 

10 

20 

50 

100 

200 

400 

720 

4000. 

.0226 

-0.00 

-0.01 

-0.01 

-0,03 

•0,07 

-0.16 

•0,36 

-0,77 

5000, 

.0304 

-0.01 

-0,01 

• 0,02 

-c.os 

•0.12 

-0.26 

•0.62 

•1,40 

6300, 

,0430 

• 0.01 

-0.02 

•0,03 

•0.09 

•0,19 

-0.45 

-1.15 

•2,75 

0000. 

.0636 

•0.01 

•0,03 

• 0.05 

•0.15 

• 0.34 

-0.84 

•2.29 

-5.95 

10000, 

,0939 

-0.02 

-0.04 

-0.09 

-0.25 

-0,59 

•1.56 

•4,60 

59,99 

12500, 

.1407 

• 0.03 

-0,07 

-0.14 

•0.43 

•1.08 

• 3.03 

99,99 

99,99 

16000, 

.2223 

• 0.05 

•0.11 

-0.25 

•0.79 

• 2,16 

•6,73 

99.99 

99.99 

20000, 

.3370 

-0.08 

• 0.18 

-0.41 

-1.44 

• 4.19 

99.99 

99,99 

99,99 

25000, 

.5092 

• 0,13 

• 0,29 

-0.70 

-2.64 

99.99 

99,99 

99,99 

99.99 

31500, 

,7739 

• 0,21 

-0.46 

-1.22 

-5.10 

99.99 

99,99 

99,99 

99,99 

40000. 

1,1735 

•0,32 

-0.79 

•2.14 

99,99 

99.99 

99,99 

99.99 


50000. 

1.6946 

•0.48 

-1.23 

-3,56 

99.99 

99.99 

99,99 



63000. 

2.4128 

•0,70 

-1,87 

-6.21 

99.99 

99,99 

99,99 



eoooo. 

3.3699 

•0,99 

-2,79 

99,99 

99,99 

99.99 




100000. 

4,4908 

•1,35 

-4.19 

99.99 

99.99 

99.99 





SB • 0.0 

CB/THIRD OCTAVE 

1 ■ 

29I.2N ( 

77, OF) 

RH K 70.0 4 


FRkQ 

A(F) 



DISTANCE. 

¥ 




HZ 

DB/H 

5 

10 

20 

SO 

100 

200 

400 

720 

4000. 

,0226 

• 0,00 

-0.00 

-0.01 

•0.02 

• 0.04 

-0.09 

*0.22 

-0,51 

5000. 

.0304 

• 0,00 

•0,01 

-0.01 

•0,03 

• 0.06 

-o.ts 

-0,40 

•1,01 

6300. 

• 0430 

-0,00 

-0,01 

-0,02 

•0,05 

• 0,11 

•0.28 

•0,81 

-2. 14 

8000. 

,0636 

•0,01 

-0.01 

•0,03 

•0.08 

-0.20 

-0,57 

-1.75 

•4.83 

10000, 

.0939 

•0.01 

-0.02 

-0,05 

•0.14 

-0.38 

•1,15 

-3.71 

-11,19 

12500, 

,1407 

•0,02 

-0.03 

•0,08 

•0.26 

-0,75 

•2,38 

-8,20 

99,99 

16000, 

.2223 

• 0,03 

-0,06 

-0,14 

• 0.54 

•1.64 

•5,44 

99.99 

99,99 

20000. 

.3370 

-0,04 

-0.10 

•0,26 

•1.04 

-3,35 

-12.64 

99,99 

99,99 

25000. 

.5092 

•0,07 

-0.17 

-0,47 

-2.05 

•7.00 

99,99 

99,99 

99,99 

31500. 

,7739 

•0.12 

•0.30 

-0,87 

-4.08 

99.99 

99.99 

99,99 

99,99 

40000. 

1,1735 

•0,20 

-0,54 

-1.63 

•8.58 

99.99 

99.99 

99,99 


50000, 

1,6946 

•0.31 

-0.88 

-2,79 

99.99 

99.99 

99.99 



63000. 

2,4128 

-0,47 

-1.40 

-4,73 

99*99 

99.99 

99.99 



80000. 

3,3699 

•0.69 

-2.14 

99.99 

99.99 

99,99 




lOOOOO, 

4,4908 

•0,97 

-3.15 

99,99 

99.99 

99,99 





SB « 2.0 CB/THIpD OClAVe 1 • 298*2R ( T7,0r) RH « 70.0 « 


FREQ 

A(F) 



DISTANCE* 

¥ 




HZ 

DB/N 

5 

10 

20 

50 

too 

200 

4Q0 

720 

4000. 

,0226 

0,00 

0,00 

0,00 

•0,00 

• 0.00 

-0,02 

-0,08 

-0,27 

5000, 

,0304 

0,00 

0.00 

0,00 

-0,00 

•0,01 

-0,04 

-0.19 

-0,63 

6300, 

,0430 

0,00 

0,00 

0,00 

-0.01 

• 0.03 

-0,11 

-0,48 

-1,55 

8000, 

.0636 

0,00 

0,00 

-0.00 

-0*02 

-0,07 

-0.30 

-1,23 

•3,86 

10000. 

,0939 

0,00 

-0,00 

•0,01 

-0,04 

• 0.18 

-0,74 

•2,89 

-9.12 

12500, 

,1407 

•0,00 

-0.00 

•0.01 

-0.10 

-0.44 

-1*75 

-6,71 

99.99 

16000, 

,2223 

•0,00 

-0,01 

-0,04 

-0,28 

-l.ti 

-4,39 

99,99 

99,99 

20000, 

.3370 

-0,01 

-0.02 

-0,10 

-0,66 

•2.58 

-10.18 

99,99 

99,99 

25000, 

.5092 

•0,01 

•0,06 

-0,24 

•1.47 

•5.68 

99,99 

99,99 

99.99 

31500, 

,7739 

-0,03 

-0.13 

-0,53 

•3.20 

-13.53 

99.99 

99.99 

99.99 

40000. 

1,1735 

•0.08 

-0,29 

-1,13 

• 6,85 

99.99 

99,99 

99,99 


50000, 

1,6946 

-0,14 

-0.54 

-2,09 

99,99 

99.99 

99,99 



63000,. 

2,4128 

•0,25 

• 0,95 

• 3.68 

99,99 

99,99 

99,^9 



80000. 

3,3699 

•0.41 

•1.59 

-6.44 

99.99 

99.99 




200000. 

4,4908 

•0,62 

-2,37 

99,99 

99.99 

99.99 








M 




«-4 

.6 

CB/THIHD OCtAVB 

T • 

aB8,BR ( 

59.0F) 

RM ■ ‘ 

70.0 % 


rPEQ 

Acr) 




DXBtAHCK. 

H 




HZ: 

DH/M 


5 

to 

20 

50 

100 

200 

400 

720 

4000, 

,0291 


•0,01 

•0,08 

-0.03 

•0,08 

• 0,17 

•0,36 


• t,7t 

9000, 

,0371 


•0,01 

•0,03 

•0,09 

-8.11 

• 0,87 

•0,61 

-1,46 

-1.13 

0300, 

,0964 


• 0,03 

•0,04 

-0,08 

•0.81 

-0,46 

-1.06 

-3,71 

99,99 

•000, 

,0177 


• 0,03 

•0,06 

-o.u 


•0,79 

• 1,94 

•5,69 

99,99 

10000, 

• 1327 


• 0,05 

•0,10 

-0,20 

-0.96 

• 1,33 

-3.5S 

99,99 

99,99 

12900, 

,1999 


• 0,07 

•0,15 

-0,31 

•0,91 

• 3,30 


99,99 

99,99 

10000, 

,3106 


•o.u 

•0,23 

-0,90 

•1.56 

•4,39 

»»,»» 


99,99 

30000, 

,4543 


•0,16 

-0,33 

•0,75 

•8,51 

99,99 

99,99 

99.99 

99,99 

29000; 

,6480 


• 0,21 

•0,47 

-1,08 

• 4,14 

99,99 

*4, *9 

99,99 

99,99 

3S900; 

,9066 


•0,28 

• 0,63 

-1,90 

99,99 

99,99 

99,99 

99,99 


40000, 

1,2393 


• 0,35 

• 0,10 

-3,00 

99,99 

99,99 


99,99 


90000, 

1,5970 


• 0,42 

•0,97 

•3,66 

99,99 

99.99 

4»,»* 

••••*« 


03000, 

2,0369 


• 0,51 

• 1,20 

99,99 

99,99 

99,99 

99,99 

*«««»• 


•0000^ 

2,5989 


• 0,67 

• 1,62 

99,99 

99,99 

99,99 

99,99 



10«000. 

3,2998 


•0,95 

-'3.43 

99,99 

99,99 

99,99 





88 *«2. 

.0 

CB/THIFD 0C1AVE 

T a 

288, 3R ( 

59, OF) 

RH a 70,6 8 


FMQ 

A(F) 




OISTAKCZ. 

H 




HZ 

DB/H 


5 

10 

30 

50 

100 

300 

400 

720 

4000, 

,0251 


• 0,01 

-0,01 

•0,03 

-0.05 

-0,12 

-0,36 

•0,61 

• 1,39 

5000, 

,0371 


• 0,01 

•0,02 

-0.03 

•0,09 

•0,19 

-0,44 

• 1,11 

-3,67 

0300. 

,0564 


-0,01 

-0,03 

•0,09 

•0,14 

-0,32 

•0,79 

•3.16 

•5.55 

0000, 

,0877 


•0.02 

•0,04 

-0,09 

•0,24 

•0,58 

-1,51 

-4,44 

99,99 

10000, 

,1327 


•0,03 

•0,06 

-0,14 

•0,40 

-1,02 

• 3,83 

99.99 

99,99 

12500. 

,1999 


•0,05 

•0,10 

•0,22 

•0,68 

-1.81 

•5,50 

99,99 

99,99 

16000, 

,3106 


•0,07 

•0,16 

•0,36 

•1,20 

•1,44 

99.99 

99,99 

99,99 

30000, 

,4543 


•0,11 

•0,33 

•0,55 

•1,90 

•6.33 

99.99 

99.99 

99.99 

35000, 

,6480 


-0.15 

•0,33 

•0,81 

-3.19 

99,99 

99,99 

99.99 

99,99 

31500, 

.9066 


• 0,20 

• 0,46 

• 1,15 

-5,08 

99,99 

99,99 

99,99 


40000, 

1,2392 


• 0,25 

•0,59 

• 1,95 

99,99 

99,99 

99.99 

99,99 


90000, 

1,5970 


• 0,30 

• 0,73 

•1,96 

99,99 

99,99 

99,99 



63000, 

2,0369 


•0,37 

•0.91 

-2,56 

99,99 

99,99 

99,99 



toooo. 

2,5989 


•0,49 

• 1.24 

99,99 

99,99 

99,99 

99,99 



100000, 

3,3958 


• 0,70 

• 1,89 

99.99 

99,99 

99,99 





88 a 0, 

0 

CB/THZFD OCTAVE 

I a 

288.2F ( 

59,0F) 

RH a 70,0 t 


FFIQ 

A(F) 




DI8TAHCE, 

K 




HZ 

DB/M 


5 

10 

20 

50 

100 

200 

400 

720 

4000, 

,0251 


•0,00 

-0.00 

•0.01 

•0,03 

-0,06 

•0,15 

•0.40 

• 1,00 

5000, 

,0371 


• 0.00 

-0,01 

-0.02 

•0.05 

• 0,11 

•0,27 

-0,78 

.2.07 

6300. 

,0564 


•0,01 

-0,01 

-0,03 

•0,01 

•0,19 

•0,53 

•1,64 

•4,50 

8000, 

,0877 


•0,01 

-0,02 

-0,04 

-0,14 

•0.37 

•1,11 

•3,57 

•10.77 

10000, 

.1327 


• 0,03 

-0.03 

-0,07 

•0.25 

•Q,n 

• 2.21 

"7,62 

99,99 

12500, 

,1999 


•0,02 

• 0,05 

-0,12 

•0,45 

• 1.35 

•4.42 

99,99 

99,99 

16000, 

,3106 


-0,04 

•0,09 

•0,22 

•0,96 

• 2.71 

• 10,04 

99,99 

99,99 

30000, 

• 4543 


•0,06 

•0,14 

-0,36 

-1.49 

•4.98 

99,99 

99,99 

99,99 

35000, 

,6480 


• 0,09 

-0,21 

•0,96 

-2.45 

• 9.56 

99,99 

99,99 

99.99 

31900, 

,9066 


-0,13 

•0,30 

-0,88 

•3.86 

99.99 

99,99 

99, 9i) 


40000, 

1,2352 


•0,16 

-0,40 

-1,14 

•6,19 

99«99 

99,99 

99,99 


50000, 

1,5970 


• 0,19 

•0,50 

•1,46 

99,99 

99.99 

99.99 



63000, 

2,0369 


•0,33 

•0.63 

-1,93 

99.99 

99.99 

99,99 



00000, 

2,5989 


-0.31 

• 0,89 

-2,85 

99,99 

99.99 




tooooo. 

3,2956 


• 0,47 

•1.41 

•4,93 

99,99 

99.99 





SB a 2, 

0 

Ce/THIRD OCTAVE 

T a 

288,2K ( 

59. OF) 

RH a 70,0 4 


FFEO 

ACF) 




DISTAHCE, 

F 




HZ 

DB/H 


5 

10 

20 

50 

100 

200 

400 

720 

4000, 

• 0251 


0,00 

0.00 

0,00 

-0,00 

•0,01 

•0.04 

-0,19 

-0,62 

SOOO. 

.0371 


0,00 

0.00 

•0,00 

•0,00 

•0,02 

-0.11 

•0,46 

-1 ,49 

6300, 

.0564 


0,00 

0.00 

-o.oo 

-0,01 

•0,07 

-0,38 

-1,13 

-3,57 

8000. 

,0077 


0,00 

•0.00 

-0,01 

-0,04 

•0,17 

-0,71 

-2,77 

-8,76 

10000, 

.1327 


•0,00 

-0.00 

-0,01 

-0,10 

• 0,40 

•1.61 

-6,20 

99,99 

13500, 

,1999 


•0,00 

-0.01 

•0,04 

•0,23 

•0,90 

• 3.50 

•14,86 

99,99 

16000, 

,3106 


-0.01 

•0.02 

-0.09 

-0,52 

•2,03 

-8.02 

99.99 

99,99 

300C0, 

,4542 


•0,01 

-0.05 

-0,17 

•1.03 

•3,94 

99,99 

99.99 

99.99 

25000, 

,6480 


•0.02 

•0.08 

•0,31 

•1.81 

•7,36 

99.99 

99,99 

99,99 

31500,. 

,9066 


•0,04 

•0,14 

•0,50 

•3.96 

99,99 

99,99 

99,99 


40000, 

1,2352 


•0,06 

•0,20 

• 0.74 

•4,58 

99,99 

99.99 

99,99 


50000, 

1,5970 


•0.08 

-0,27 

• 1 ;oo 

•7,19 

99,99 

99,99 



63000, 

2,0369 


•0.10 

•0,36 

-1,37 

94, 

99,99 

99,99 



80000, 

2.5989 


•0,14 

-0.55 

-2,12 

99.99 

99,99 




100000, 

3,3958 


•0,24 

•0,95 

-3.73 

99,99 

99,99 





SB a-4«0 CB/THIBD OCTAVE T « 2T7.AK ( 40. OF) BM ■ 10.0 « 


ritiQ 

A(F) 



DIBTAIICE, 

M 




HZ 

OB/M 

9 

10 

30 

90 

too 

300 

400 

720 

4000, 

«041B 

•0.00 

-0,00 

-0,01 

-0,03 

-0.09 

-0,09 

•0,19 

-0,37 

9000, 

,0441 

•0,00 

-0,00 

•0,01 

-0,09 

• 0,09 

-0,10 

-0,30 

-0,31 

0300, 

.0471 

•0,00 

-0,01 

•0.01 

>0,03 

• 0,06 

-0,13 

•0,39 


1000, 

.0913 

•0,00 

-0,01 

-••03 

•0,04 

•0«06 

•0,17 

-0,37 

-0,74 

10000, 

,0971 

•0,01 

-0.01 

•0,02 

-0.06 

•0.13 

-0,37 

-0,S9 

•1,32 

13900, 

.0660 

•0,01 

-0.02 

-0,04 

-0,09 

•0,30 

•0,43 

-0,99 

-3,16 

10000. 

,0017 

•0,01 

-0,03 

•0.06 

-0,16 

• 0,34 

•0,76 

• 1.07 

-4,90 

30000, 

.1041 

•0,08 

-0.05 

-0,10 

•0,39 

•0,96 

• 1,34 

-3,54 

99.99 

29000, 

,1303 

•0,04 

-0,07 

-0,19 

-0.43 

• 0,97 

-3.49 

99,99 

99,99 

31900, 

.1963 

•0,06 

-0,13 

-0,39 

-0,73 

• 1,71 

•9,01 

99,99 

99.99 

40000, 

.3909 

•0,09 

-0,20 

-0,43 

• 1.33 

• 3,93 

99,99 

99,99 

99,99 

90000, 

,4309 

•0,19 

-0,33 

-0,73 

•3,49 

99,99 

99.99 

99,99 

99,99 

63000. 

,6994 

• 0,39 

•0.96 

• 1,32 

-5,00 

99,99 

99.99 

99,99 

99.99 

•0000. 

1.0376 

•0,43 

-1.00 

-3,93 

99.99 

99,99 

99,99 

99.99 

•••••• 

100000, 

1.5976 

•0,73 

-1.79 

-9.07 

99.99 

99,99 

99,99 

99,99 

•••••• 



IB a-S.O 

CB/THIHO 

OCTAVE 

t ■ 

277. 6K ( 

40, OF) 

MH ■ \0 

,0 « 


FMEO 

A(F) 



OIBTAHCE, 

M 




HZ 

DB/M 

9 

10 

20 

90 

. 100 

200 

400 

720 

4000. 

,0416 

•0,00 

-0,00 

-0.01 

• 0.02 

•0,03 

•0,06 

•0,14 

•0,36 

9000, 

.0441 

•0.00 

-0,00 

-0,01 

-0,02 

• 0,03 

-0,07 

•0,14 

-0,27 

6300. 

,0471 

•0,00 

• 0.00 

-0,01 

•0.03 

-0,04 

-0.09 

-0,17 

•0.39 

1000, 

.0913 

•0.00 

-0,01 

-0,01 

•0.03 

•0,06 

-0,12 

-0,26 

•0,95 

10000. 

,0971 

•0.00 

•0,01 

•0,02 

•0,04 

• O.Ol 

-0,19 

•0,42 

•0,93 

12900. 

,0660 

•0,01 

-0,01 

•0,02 

•0,06 

• 0,13 

•0,30 

•0,74 

• 1,70 

16000, 

.0917 

•0.01 

-0.03 

-0,04 

-0,11 

• 0,23 

-0.56 

-1,46 


20000, 

.1041 

•0,03 

• 0,03 

•0,06 

-0.17 

• 0,40 

•1,02 

-2,14 

—7,66 

29QQ0, 

.1392 

•0.02 

-0.05 

-0,10 

•0.30 

• 0,72 

-1,94 

•9,90 

99,99 

31900, 

.1963 

•0,04 

-0,06 

-0,17 

-0.93 

• 1,36 

-3.99 

99,99 

99,99 

40000, 

,3909 

•0.06 

•0.14 

-0,30 

-1,01 

-2,63 

•9.35 

99.99 

99.99 

90000, 

,4309 

•0.10 

•0,33 

-0,54 

-1,94 

•9,99 

99.99 

99.99 

99,99 

63000. 

.6594 

•0,1? 

•0,40 

• 1.00 

-3,99 

99,99 

99,99 

99,99 

99,99 

9QQOO, 

1,0376 

•0,30 

-0,74 

•2,01 

-9,34 

99,99 

99,99 

99,99 


lOOQOO, 

1,9976 

•0,54 

•1,39 

•4,04 

99,99 

99,99 

99,99 

99,99 



SB ■ 0.0 

CB/THlPD 

OCTAVE 

1 • 

277, 6M ( 

40, OF) 

HH ■ 10 

.0 i 



FBEO 

A(F) 



DISTANCE, 

M 




HZ 

DB/M 

9 

10 

20 

50 

100 

200 

400 

720 

4000, 

.0416 

•0.00 

-0.00 

-0,00 

•0,01 

• 0,03 

•0.04 

-0,06 

•0,17 

5000, 

,0441 

•0.00 

•0,00 

-0,00 

•0.01 

•0,03 

-0,04 

-0,06 

-0.17 

6300. 

,0471 

•0,00 

•0.00 

-0,00 

-0,01 

• 0,03 

-0.04 

-0,10 

-0,22 

6000. 

.0513 

•0,00 

-0.00 

-0,01 

-0,01 

-0.03 

•0,06 

•0,15 

-0,35 

10000, 

,0571 

•0,00 

•0.00 

•0,01 

•0.02 

•0,04 

-0.10 

•0,26 

-0,64 

12500. 

,0660 

-0,00 

-0.01 

-0,01 

-0.03 

•0,07 

•0,18 

•0.49 

-1.26 

16000. 

,0617 

•0.00 

•0,01 

•0,02 

•0,06 

-0.13 

•0,36 

•1,06 

•2,64 

30000. 

.1041 

•0,01 

-0,02 

-0,03 

-0,10 

•0.29 

-0,71 

•2«22 

-6,21 

25000. 

.1392 

-0.01 

-0,02 

-0,05 

-0,18 

•0.46 

• 1,46 

-4.79 

99,99 

31900. 

,1963 

•0,02 

-0,04 

•0,10 

-0.34 

•1,00 

• 3.20 

•11.60 

99,99 

40000. 

.2909 

•0,03 

-0.07 

•0,18 

-0,70 

• 2,21 

• 7,52 

99.99 

99,99 

50000,^ 

,4309 

-0.05 

•0.13 

-0,34 

-1.46 

• 4,78 

99,99 

99,99 

99,99 

63000., 

,6594 

•0,10 

•0,24 

-0,70 

• 3,19 

•11.96 

99,99 

99,99 

99,99 

60000, 

1.0376 

-0.16 

-0,90 

-1,92 

-7,91 

99,99 

99,99 

99.99 


00000, 

1.5976 

•0,34 

•1,01 

•3,24 

99,99 

99,99 

99.99 

99,99 




SB ■ 2.0 

CB/THIMD 

OCTAVE 

T ■ 

277.6R ( 

40,0F) 

MN • 10 

.0 4 


FMEO 

A(F) 



DISTANCE, 

M 




HZ 

DB/M 

5 

10 

20 

50 

100 

200 

400 

720 

4000. 

.0416 

•0.00 

-0,00 

•0,00 

•0,00 

•0,01 

•0,01 

•0.03 

•0,07 

5000. 

,0441 

-0,00 

• 0,00 

• 0,00 

• 0,00 

• 0,00 

-0.01 

•0.03 

•0.07 

6300, 

.0471 

•0.00 

-0,00 

-0.00 

•0,00 

•0,00 

-0,01 

-0,03 

•0.09 

6000, 

,0513 

0,00 

0.00 

-0,00 

-0,00 

• 0.00 

•0.01 

•0,05 

-0,16 

10000, 

,0971 

0,00 

0,00 

0,00 

-0,00 

• 0,01 

-0.02 

-0,10 

•0,39 

12500, 

,0660 

0,00 

0,00 

0,00 

• 0,00 

•0,01 

-0,06 

•0,25 

•0,83 

16000. 

,0617 

0,00 

0,00 

•0,00 

•0,01 

•0,04 

• 0.16 

-0,67 

-2.15 

20000, 

,1041 

0,00 

0,00 

-0.00 

•0,02 

• 0,09 

•0,40 

•1.63 

•9,09 

29000, 

,1392 

0,00 

•0,00 

•0.01 

•0,06 

• 0,34 

•0,99 

•3,14 

•13.42 

31500. 

.1963 

•0,00 

•0,00 

-0,02 

-0,19 

•0,63 

•2,49 

•9.47 

99.99 

40000. 

,2909 

•0,00 

-0,01 

-0,06 

-0,40 

•1,61 

•6,16 

99.99 

99.99 

90000. 

,4309 

•0,01 

-0,03 

-0,15 

-0,99 

• 3,83 

•19,71 

99,99 

99,99 

63000. 

,6994 

•0,08 

•0,09 

-0,19 

• 2,45 

-9.46 

99.99 

99,99 

99,99 

60000. 

1,0376 

•0,06 

•0,25 

-1,03 

-6.16 

99,99 

99,99 

99.99 


lOOOCO. 

1,9976 

• 0.19 

-0.63 

•2,49 

•19,71 

99,99 

99.99 
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Table C.2 Perfect 1/3 Octave Band Filter for Known Source Spectrum 



8B >*4 

0 CB/THIFD OCTAVE 

t B 

305,48 t 

90, or) 

W B 

90.0 % 


Ft>EO 

ACF) 



nXSTAMCE. 





HZ 

DB/H 

5 

10 

30 

50 

100 

200 

400 

720 

4000» 

.0284 

•0.00 

• 0,00 

• 0.01 

-0.02 

-0.04 

-0.08 

-0,17 

-0.37 

5000, 

.0342 

•0.00 

•0,00 

-0.01 

•0,02 

• 0.05 

•0,10 

-0,24 

-0,54 

63Q0. 

.0439 

•0,00 

•0.01 

-0.01 

-0.03 

•0.07 

-0.16 

-0.40 

•0,91 

8QOO. 

.0564 

-0.00 

•0.01 

-0.02 

-0,05 

• 0.12 

-0.28 

-0.73 

-1.73 

10000. 

.0760 

•0.01 

-0.01 

-0.03 

•0,08 

-0.30 

-0,50 

-1,36 

•3,30 

12500. 

.1063 

•0.01 

•0.02 

-0.05 

•0,14 

•0.35 

-0.93 

•2.63 

-6.26 

toooo. 

.1597 

•0,02 

•0,04 

-0.09 

•0,26 

-0,69 

•1.93 

•S.40 

•12,30 

20000. 

.2361 

• 0.03 

•0,06 

-0,14 

-0.48 

-1.31 

• 3.72 

-10,05 

•21,79 

35000. 

.3545 

• 0,05 

-0.11 

-0.25 

•0,90 

-2,54 

-7,03 

-17,97 

-37,28 

31500. 

,5452 

• 0.08 

-0.18 

-0.46 

-1,75 

-4.93 

-13,01 

-31,47 

-62,93 

400C0. 

.8541 

•0,14 

-0.33 

-0,88 

-3.46 

-9.40 

-23.42 

-53,95 


50000. 

1.2974 

•0.23 

-0,59 

-1.63 

-6.33 

-16,36 

-38.79 



63000. 

1,9876 

•0,40 

-1,07 

-3,01 

-11,23 

•27,51 

-62,65 



80000. 

3,0515 

-0,70 

-1.93 

-5,41 

-16.99 

-44,51 




100000. 

4.4799 

-1,15 

-3.23 

-8.82 

-29,23 

•66.31 






SB >-2 

.0 

CR/THIPD OCTAVE 

T t 

305, 4K ( 

90, OF) 

PH s 

90.0 % 


iPtO 

ACF) 





DISTANCE, 

P 




HZ 

DB/K* 


5 

10 

20 

50 

100 

200 

400 

720 

4000. 

.0284 


-0,00 

-0,00 

-0,00 

-0.01 

• 0,02 

-0,04 

-0,10 

•0,23 

5000. 

.0342 


-0,00 

-O.OU 

-0.00 

-0.01 

-0.02 

-0,05 

-0.14 

•0.36 

6300, 

,0429 


-0.00 

-0,00 

-0.00 

-0.01 

• 0,03 

-0.08 

-0.25 

-0,66 

6000. 

,0564 


-0.00 

-0.00 

-O.Oi 

• 0,02 

• 0.06 

-0,16 

-0.51 

-1,38 

lOOCO, 

.0760 


-0.00 

-0.01 

-0.01 

-0.04 

•0.11 

•0.32 

-1.05 

-2,83 

12500, 

.1063 


-0,00 

-0.01 

•0.02 

-0,07 

•0.21 

-0.68 

-2.20 

•5,67 

16000. 

,1597 


-0.01 

-0.02 

-0«04 

• 0,15 

-0,48 

-1.55 

• 4.65 

-11.62 

200CU. 

• 2361 


•0.01 

-0,03 

-0,07 

-0,31 

-1.01 

-3.23 

-9,40 

-21,04 

25000, 

, 3545 


• 0.02 

-0,05 

-0,14 

-0.65 

•2.11 

• 6,42 

-17.24 

-36,49 

31500. 

.5452 


-0.04 

-0.10 

-0.30 

-1,40 

-4.39 

•12.32 

-30.69 

-62,11 

40000. 

.6541 


-0,07 

-0,20 

• 0.64 

-2.98 

-8.76 

-22.66 

-53.14 


500C0. 

1.2974 


-0,13 

-0.40 

-1.28 

-5.75 

-15.64 

-37.99 



63000. 

1.9876 


•0.25 

-0.60 

-2.56 

-10.55 

-26,74 

-61,83 



BCOCO. 

3,0515 


-0,49 

-1.56 

-4.86 

•16.2b 

•43,70 




JOOOCO. 

4.4799 


-0,87 

-2,77 

-6.18 

-28.45 

-65,48 





SB = 0, 

.c 

CE/Thlpn OCTAVE 

7 = 

305. 4K r 

90. OF) 

PH s ' 

90. 0 T 


FPkG 

ACF) 





V 




MZ 

DR/H 


5 

10 

20 

50 

100 

200 

400 

720 

40C0. 

.0264 


0,00 

o.oo 

0,00 

0.00 

o.ou 

0,00 

-0.02 

-0,09 

5000. 

.0342 


0.00 

0.00 

0.00 

C.OO 

0,01 

0,00 

-0,04 

-0.17 

63C0, 

.0429 


0.00 

0,00 

0,00 

C .01 

0,01 

-0,01 

-0,09 

-0,40 

6000. 

.0564 


0.00 

0,00 

0.00 

0.01 

0.00 

-0,04 

-0,28 

-1,00 

lOOCO. 

,0760 


0,00 

0.00 

0.01 

0.01 

•0.01 

-0.14 

-0,72 

-7,32 

125CU, 

.1063 


0,00 

0,01 

n.oi 

0.00 

-0,07 

-0,4l 

-1.74 

-5,04 

16000. 

.1597 


0,01 

0,01 

0,01 

-0.03 

-0,25 

-1.15 

-4.24 

-10,67 

200C0. 

• 2361 


0,01 

o.ni 

0.00 

•0,13 

-0.68 

-2,69 

-6,68 

-20.22 

25000, 

,3545 


0.01 

0.01 

-0.03 

-C.39 

-1.66 

-5,77 

-16.44 

-35.62 

31500, 

,5452 


0,01 

-0,01 

-0.12 

-1.01 

•3,60 

•11,57 

•29,83 

•61 ,21 

40000, 

,6541 


0.00 

-0.06 

-0,38 

-2.46 

•8. OS 

-21.64 

•52.24 


50000. 

1.2974 


-0,03 

-0,20 

-0.92 

-5.11 

-14.05 

•37.12 



63000. 

1.9878 


-0,10 

-0.51 

-2,07 

-9.81 

-25,90 

-60,93 



80000. 

3.0515 


-0,27 

-1.17 

-4.25 

-17.45 

-42,62 




lOOOCO, 

4,4799 


•0.57 

-2.27 

-7,40 

-27 ,60 

-64.57 





SB : 2. 

,c 

CP/THIpn 

1 OCTAVE 

7 = 

305. 4K ( 

9C.0F) 

PH « 90.0 1 


IPtO 

ACF ) 




DI5TAHCE. 

ff 




HZ 



5 

10 

20 

50 

100 

200 

400 

720 

40CO, 

.0264 


0.00 

0,00 

0,01 

0.01 

0,02 

0,04 

0.06 

0,05 

5000, 

.0342 


0.00 

0,00 

0,01 

0.02 

0.03 

0,06 

0,07 

0.02 

6300. 

,0429 


0.00 

0,01 

0,01 

0,03 

0.05 

0.07 

0.06 

-0.12 

8000. 

.0564 


0,00 

0,01 

0.02 

0,04 

0,07 

0.08 

-0,03 

•0,60 

10000. 

,0760 


0.01 

0,01 

0.03 

0.06 

0.08 

0,05 

-0.36 

•1.77 

12SC0. 

.1063 


0,01 

0.02 

0.04 

0.08 

0,08 

-0.12 

-1 .24 

-4.34 

16000. 

.1597 


0,02 

O.Oi 

0.06 

0,09 

-0,02 

-0.73 

-3.58 

•10,05 

20000. 

.2361 


0.03 

0,05 

n.oe 

0,05 

-0,33 

-2.12 

-7,90 

-19,33 

25000, 

. 3545 


0.04 

0.06 

O.OB 

•0.11 

-1.17 

-5.05 

<^15,58 

-34.68 

31500. 

.5452 


0.05 

o.oe 

0.05 

-0,61 

-3.16 

-10.74 

•26,91 

-60,23 

400C0. 

.8541 


0.08 

0.08 

-0.10 

-1.91 

•7,2b 

•20,94 

-51,28 


SOOCO. 

1.2974 


0,06 

0.01 

-0,53 

-4.41 

•13,99 

• 36,16 



630G0. 

1,9878 


0.06 

-0.20 

-1,54 

•9.01 

-24.98 

-59,95 



80000. 

3.0515 


-0.03 

-0.74 

-3,59 

-16.57 

•41.66 




lOOOCO, 

4,4799 


-0,26 

-1.73 

-6.72 

-26.68 

-63,59 





214 




SB ■•4.0 

CB/THXFD OCTAVE 

I ■ 

298. 2K ( 

77, OF) 

HH ■ 

TO.O % 


FFEO 

ACF) 



DISTANCE/ 

M 




HZ 

DB/M 

9 

10 

20 

50 

100 

200 

400 

720 

4000, 

.0226 

• 0.00 

•0.00 

•0.01 

•0.02 

• 0.04 

•0.09 

•0.21 

•0.45 

5000. 

.0904 

•0.00 

•0.01 

-0.01 

-0.03 

• 0.07 

•0,15 

-0.96 

-0,83 


.0490 

•0.00 

-0.01 

-0.02 

-0.09 

•0.11 

-0.26 

-0.68 

•1.62 

8000, 

.0636 

-0.01 

-0.01 

•0.03 

-0.08 

•0.20 

•0.50 

•1,36 

• 3,29 

10000. 

.0999 

-0.01 

-0.02 

-0.05 

•0.14 

• 0,35 

•0.99 

•2.69 

•6,25 

12SOO. 

.1407 

• 0.02 

-0.04 

-0.08 

-0.25 

• 0,64 

-1,78 

•5.01 

•11,46 

18000. 

.2223 

•0,03 

-0.06 

-0.14 

-0.47 

• 1.28 

-9.62 

•9.80 

-21.30 

20000, 

.9970 

•0,05 

-0.10 

•0,24 

•0.85 

•2.40 

-6.66 

-17,12 

-95.66 

25000. 

.5092 

• 0,07 

•0,17 

•0,41 

-1,55 

• 4.37 

-11,66 

-28,49 

-57.34 

J1500, 

.7799 

•0.12 

•0.28 

•0,72 

•2.81 

• 7,72 

•19.61 

-45,83 


40000, 

1,1795 

• 0.19 

-0,47 

-1.2S 

• 4.89 

•12.94 

•91,95 



50000. 

1.6946 

-0.28 

-0,72 

-1.99 

• 7.65 

•19.47 

•45.59 



69000. 

2.4128 

•0.41 

-1.08 

• 3.02 

•11.27 

•27.69 




80000. 

3.3699 

•0,58 

•1,56 

-4.36 

-15.70 

-37.48 




lOOOOO, 

4,4906 

•0.78 

•2. IS 

•5,98 

•20.78 







SB b-2.0 

CB/THIFD OCTAVE 

1 ■ 

298. 2t( ( 

77, OF) 

FH M 

70.0 % 


fPEO 

A(F) 



P25TAACE. 

F 




KZ 

DB/H 

5 

10 

20 

90 

100 

200 

400 

720 

4000, 

.0226 

• 0.00 

•0.00 

-0.00 

•0.01 

-0.02 

•0.04 

•0.11 

•0,29 

5000, 

.0304 

• 0.00 

•0.00 

-0,00 

-0.01 

• 0.03 

•0.08 

-0.22 

-0.59 

6300. 

.0430 

•0.00 

•0.00 

-0.01 

•0.02 

• 0.05 

•0.15 

-0.47 

-1.28 

80C0, 

.0636 

•O.OQ 

-o.oi 

-0.01 

-0.04 

-0.11 

•0.32 

•1,05 

•2,82 

lOOCO, 

.0939 

•0,00 

-0,01 

-0.02 

• 0.07 

•0,21 

-0.68 

-2,20 

•5,67 

125C0. 

.1407 

•0.0] 

-0.02 

•0.04 

•0.14 

-0,44 

•1.42 

•4.46 

•10.79 

16000, 

,2223 

•0,01 

-0.03 

-0,07 

•0.30 

-0,98 

-3.13 

•9.15 

•20.55 

20000, 

,3370 

-0.02 

-0,05 

-0,14 

-0.61 

-1,99 

•6.07 

•16.40 

•94.87 

250C0, 

.5092 

•0,03 

•0.09 

-0,26 

-1,22 

•3.85 

•10.98 

-27.72 

•56.52 

31500. 

,7739 

•0,06 

-0,17 

-0.51 

-2,37 

-7,11 

•19,87 

-45,03 


400CO. 

1.1735 

-0,10 

-0.30 

-0,96 

-4.35 

-22.25 

-90.56 



50000. 

1.6946 

-0.17 

-0,51 

-1.62 

-7.04 

•18.73 

-44.76 



63000. 

3.4126 

-0,27 

-0.81 

-2.57 

•10.59 

•26.91 




800CO. 

1.3699 

•0.40 

-1.23 

-3.94 

-14.99 

-36.69 




lOOOCO. 

4.4906 

-0.56 

-1,76 

-5,40 

-20.04 






SB • O.c Cn/THIptl OCTAVE T s 298. 2K ( 77.0F) FM b 70.0 % 


IFLO 

A(F) 



distance. 

F 




HZ 

DB/H 

5 

10 

20 

50 

too 

200 

400 

720 

40C0. 

.0226 

0.00 

0.00 

0.00 

0,00 

0.01 

0,01 

•0.02 

•0.12 

soco. 

.0304 

0,00 

0,00 

0,00 

0,01 

O.Ql 

•0,00 

-0.08 

-0,34 

63C0. 

.0430 

0,00 

0,00 

0.01 

0.01 

0.01 

-0,03 

-0.25 

•0,91 

6000. 

.0636 

0,00 

0,00 

0.01 

0.01 

-0.01 

•0.14 

-0,71 

-2,3l 

lOOCU. 

,0939 

0.00 

0,01 

0,01 

0.00 

• 0.07 

-0.41 

-1.74 

•5.03 

125C0, 

,1407 

0.00 

0,01 

0.01 

-0,03 

•0.22 

-1,04 

-3,87 

-10,05 

160C0. 

,2223 

0,01 

0,01 

-0,00 

•0,13 

• 0,66 

•2,61 

-8.44 

-19,73 

20000. 

,3370 

O.Ol 

0.01 

-0.03 

-0.36 

-1.54 

-5,42 

-15,61 

-34,01 

250C0. 

.5092 

0,01 

-0,01 

-0.10 

-0.86 

-3.2B 

-10.24 

-26.87 

-55.62 

31500. 

.7739 

0.00 

-0,05 

-0.28 

•1.89 

-6,43 

-18,06 

•44,14 


400CO, 

1.1735 

-0,02 

-0,14 

-0.64 

-3,76 

•11.49 

-29,71 



50000. 

1.6946 

-0,05 

-0,29 

-1,22 

-6.36 

•17.92 

-43.90 



630U0, 

2.4126 

-0.12 

-0,53 

-2,09 

-9.86 

• 26.07 




RQOOO. 

3.3699 

-0,21 

-0,86 

-3.28 

•14.20 

-35.82 




loooco. 

4.4906 

•0.33 

-1,35 

-4,77 

-19.22 







SB ■ 2, 

.0 CP/THiPn 

' OCTAVE 

1 * 

298.2R ( 

77. OF) 

PH ■ 

70,0 % 


FPEO 

HZ 

A<F) 

DP/F 

5 

10 

20 

DlSTAPiCE, 

50 

F 

too 

200 

400 

720 

4000, 

.0226 

0,00 

O.oo 

0.01 

0,02 

0.03 

0.06 

0,08 

0,06 

5000. 

,0304 

0,00 

0,01 

0.01 

0.03 

0.05 

0.08 

0,08 

-0.06 

6 30 0, 

.0430 

0.00 

0,01 

0.02 

C.04 

0.07 

0.09 

•0.01 

-0,53 

8000. 

.06 36 

0.01 

0.01 

0.03 

0.06 

0.06 

0.05 

•0.36 

-1.76 

10000, 

.0939 

0.01 

0,02 

0.04 

0,07 

0,06 

-0.13 

•1.24 

•4,34 

12500. 

,1407 

0,02 

0.03 

0.05 

0.08 

•0.00 

-0.63 

•3.22 

-9.24 

16000. 

.2223 

0.02 

0.05 

0.07 

0.05 

•0.32 

-2.04 

•7.66 

-18.85 

20000, 

, 3370 

0 .04 

0.06 

0.08 

-0.09 

-1,07 

-4,71 

•14,75 

-33,07 

25000. 

.5092 

0,05 

0,07 

0,06 

-0,48 

•2,67 

•9.44 

-25,95 

-54.65 

31500. 

.7739 

0.06 

0,07 

•0,04 

-1.39 

-5.70 

-17,18 

•43.19 


40000. 

1.1735 

0.07 

0,04 

-0.31 

-3.13 

•10,66 

•28.78 



50000. 

1.6946 

0.Q6 

-0,05 

-0.79 

-5,63 

•17.04 

•42.94 



63000. 

2.4128 

0.Q4 

•0,23 

-1.56 

-9.05 

-25.15 




eooco. 

3,3699 

-0.01 

-0,51 

•2.67 

•13.35 

•34.87 




lOOOCO. 

4.4908 

•0,09 

-0,91 

• 4,09 

-18.33 









■•4,0 

CB/THXRD OCTAVE 

1 ■ 

244, 2R ( 

99. OF) 

RH ■ 

70.0 1 


FRIO 

A4F) 



PISTAHCI, 

P 




HZ 

PB/M 

9 

10 

20 

90 

100 

200 

400 

720 

4000. 

.0351 

-0,00 

•0,01 

•0,01 

•0,03 

•0,04 

•0.15 

•0.34 


9000. 

.0371 

•0.00 

-0.01 

•0,02 

•0,09 

•0,11 

•0,24 

-0,44 

-l.Si 

4300. 

.0944 

•O.oi 

•0,01 

•0.03 

•0.04 

-0,19 

•0,47 

•1,24 

-5.0t 

• 000. 

.0177 

•0.01 

•0,02 

•0,05 

•0.14 

•0,34 

•0,90 

-».5J 

-i.04 

10000, 

.1327 

•0.02 

•0,04 

-0,04 

•0,24 

-0,40 

-1,44 

-5.il 

•10,77 

12500. 

,1999 

•0.03 

-0.04 

•0.12 

•0,40 

•1.07 

•3.01 

-i.M 

•14.21 

14000. 

.3104 

• 0,04 

•0.09 

•0.21 

•0,71 

•1,97 

•5,91 

•14.42 

•30.44 

zoooo. 

• 4942 

•0.04 

•0,13 

•0,32 

• 1,19 

•3.24 

-4.44 

•22.19 

•49.43 

29000. 

.44«C 

•0.09 

•0,19 

•0,44 

• 1,77 

•4,99 

•13.09 

-31,73 


31900. 

.9044 

•0.12 

•0.27 

•0.67 

•2,94 

•7.02 

-14.03 

•42.59 


40000. 

1.23S3 

•0.19 

•0,34 

•0,49 

-3,40 

•9,24 

•23.17 



50000. 

1.997a 

•0.14 

-0.42 

•1.10 

-4,24 

•11.41 

•24.09 



43000. 

2.0349 

•0.21 

•0,53 

•1.41 

•9,45 

•14.32 

•34,47 



•0000. 

2.9949 

•0.24 

-0,72 

-1,99 

•7,43 

•19.44 




lOOOOO. 

3.2991 

•0,41 

•1.10 

•3.09 

•11,90 

•24.14 





SB «*2»0 CS/ThIFD octave T « 2M.2K ( 99. OF) PH « 70.0 % 


FHfcO 

A(F) 



DISTANCE f 

V 




KZ 

OB/P 

9 

10 

20 

SO 

100 

200 

400 

720 

4000. 

.0291 

• 0,00 

•0,00 

-0,00 

-0,01 

-0,03 

-0.07 

-0.22 

-0,59 

9000, 

.0371 

•0.00 

•0.00 

•0,01 

•0,02 

• 0,05 

-0.15 

•0.46 

-1.24 

6300, 

.0564 

•0.00 

•0.01 

•0.01 

•0,04 

•0,10 

-0.30 

-0.94 

•2.64 

4000, 

,0177 

-0,00 

-0,01 

•0,02 

-0,07 

•0,21 

-0.65 

•2,11 

•9.46 

lOOCO, 

.1327 

•O.OJ 

-0.01 

-0,04 

•0,13 

•0,41 

•1.32 

-4.15 

•10.11 

12500, 

,1999 

•0,01 

-0.02 

•0,06 

•0,25 

•0,40 

•2.?6 

•7.64 

-17.44 

16000. 

.3106 

-0,02 

-0.04 

•0,12 

•0,50 

•1,60 

•4,95 

-13,72 

•29,66 

200CO, 

,4942 

-0,03 

•0,07 

•0,20 

-0.47 

• 2,76 

•t.20 

•21.43 

•44.62 

25000, 

.6460 

-0.04 

•0.11 

•0,32 

•1,42 

•4.41 

•12.40 

-30.99 


315C0. 

.9066 

•0.06 

•0.16 

-0.47 

-2.13 

•6,42 

-17,30 

-41,75 


40000, 

1,2352 

•O.OB 

•0.22 

-0,65 

•2,93 

-4,6U 

•22.41 



900CO, 

1,5970 

-0,10 

•0.26 

•0.83 

• 3,74 

•10,73 

•27,27 



43000, 

2.0369 

•0,13 

-0.36 

•1.10 

-4.49 

• 13,61 

•33.68 



40000, 

2.5999 

•0,17 

-0.51 

•1.61 

•7,02 

-16.7U 




100000, 

3,2954 

-0.26 

•0.62 

•2.63 

-10,42 

-27.38 






SB * 0,C 

cb/thibd octave 

1 > 

248. 2K < 

59. OF) 

PH ■ 

70,0 % 


i>FEQ 

A(F ) 



DlSTAhCEr 

F 




KZ 

OB/P 

5 

10 

20 

50 

100 

200 

400 

720 

4000, 

.0251 

0,00 

0.00 

0.00 

0.01 

0.01 

• 0.00 

-0,07 

•0,34 

50C0. 

.0371 

0,00 

0.00 

0.00 

C,01 

0,01 

-0.03 

-0,24 

-0,88 

6300. 

.0564 

0.00 

0.00 

0.01 

0.01 

•0,01 

-0.13 

-0.65 

•2,14 

80CO, 

,0877 

0.00 

0.01 

0.01 

-0.00 

-0.07 

•0.39 

•1,66 

-4,83 

10000, 

,1327 

0,00 

0.01 

0.01 

•0,03 

•0,20 

•0,95 

•3,57 

•9,34 

12500, 

.1999 

0.01 

0,01 

0.00 

•c.io 

•0.51 

•2,07 

•6,95 

-16,64 

IbOOO, 

,3106 

0.01 

O.OQ 

•0.02 

•0,27 

•1.19 

-4.34 

•12,94 

-28,41 

200CO. 

,4542 

0 , 0 « 

-0.01 

-0,07 

-0.57 

-2.27 

•7,50 

-JO. 61 

•43.74 

250C0, 

,6490 

-0,00 

-0.03 

-0.19 

•1.04 

• 3.R2 

-11,64 

-30,09 


315C0, 

,9.066 

• 0,01 

-0.05 

-0.26 

-1.68 

• 5,7b 

•16,50 

-4f>«87 


400CO, 

1,2352 

-0,02 

-0,09 

-0.40 

-2.42 

• 7,89 

•21,98 



SOOCO, 

1.597C 

• 0,03 

-0.13 

-0.55 

•3tl9 

•9,99 

-26,42 



630C0, 

2,0369 

-0.04 

•0.18 

-0,77 

-4,28 

•12,84 

•32,81 



800C0, 

2,5989 

-0,05 

-0.29 

-1.21 

-6,34 

-17,89 




iOOOCO, 

3,295b 

•0.11 

-0.93 

•2.14 

•10,08 

•36,54 





SB « 2.C 

CB/THlPD OCTAVE 

l" 

288. 2i( ( 

59, OF)' 

PH ■ ‘ 

70,0 4 


FPfcO 

Acn 



DISTANCE* 

M 




KZ 

DB/M 

5 

10 

20 

50 

100 

200 

400 

720 

4000, 

.0251 

0.00 

0,01 

0,01 

0,03 

0,05 

0.08 

0,08 

•0,06 

5000, 

,0371 

0.00 

0.01 

0.02 

0,04 

0,07 

0,08 

-0,01 

-0,50 

6300, 

,0564 

0.01 

0.01 

0.03 

0.05 

0,08 

0.05 

•0,31 

-1,61 

8000, 

,0877 

0.01 

0.02 

0.04 

0,07 

0.01 

-0,11 

-1.17 

•4,15 

10000, 

• 1337 

0.02 

0.03 

0.05 

0.08 

0,01 

•0.56 

-2,94 

-8,58 

12500, 

, 1999 

0.02 

0.04 

0.06 

0.06 

•0,20 

-1,55 

-6,20 

-15,41 

16000, 

,3106 

0.03 

0.05 

0,07 

•0,04 

-0.77 

-3.67 

-22,10 

-27,88 

20000. 

.4542 

0.04 

0.05 

0.06 

-0,26 

• 1,73 

-6,74 

-19.72 

•42.74 

25O0O, 

.6480 

0.04 

0,06 

0.02 

-0.65 

•3.18 

•10.81 

•29,16 


315C0, 

,9066 

O.OS 

0,06 

-O.OS 

-1,20 

-5.05 

-15,63 

-39,91 


400C0, 

1.2352 

0.05 

0,04 

•0.14 

-1.87 

•7,12 

•20,67 



50000. 

1,5970 

c.os 

0,03 

•0,25 

-2.58 

-9,18 

-25,50 



63OC0. 

2,0369 

0.06 

0.00 

-0.42 

•3.62 

-12.00 

• 31.87 



800C0, 

2,598$ 

0.06 

-0.06 

•0,79 

-5,61 

-17,01 




lOOQCQ, 

3,2956 

0.05 

•0.22 

-U61 

-9,27 

-25.62 



•«•««« 




SB ••4.0 

CB/THIBO OCTAVE 

T • 

377.6K ( 

4o.or) 

BH a 10 

,0 « 


rnEo 

Acr) 



' DISTABCB# 

M 




HZ 

DB/K 

5 

10 

20 

90 

100 

300 

400 

720 

4000, 

.0418 

• 0.00 

-0.00 

•0.00 

•0.01 

-0.02 

•0.04 

•0.08 

-0.15 

5000. 

• 0441 

• 0.00 

• 0.00 

-0.00 

-0.01 

• 0.02 

-0.04 

-0,08 

-0,16 

6300* 

• 0471 

•0,00 

-0.00 

-0,00 

•0.01 

• 0.03 

-0,09 

-0.10 

•0.30 

8000, 

• 0513 

•0.00 

•0,00 

•0.01 

-0,01 

-0.03 

•0,07 

•0.15 

-0.32 

tooob. 

.0571 

• 0.00 

•0,00 

-0.01 

-0.03 

• 0,09 

•0,10 

-0.39 

-0.55 

l35Cb, 

.0660 

•0,00 

-0,01 

-0,01 

-0,04 

■0.0> 

-0.17 

-0,44 

-1.01 

16O0O. 

,0817 

•0,01 

-0.01 

-0,03 

-0.06 

-0,13 

-0,33 

•0,B7 

•2.09 

200Qb« 

.1041 

•0.01 

•0,02 

•0.04 

•0,10 

• 0.23 

-0,60 

•1.68 

•4.05 

250Q0, 

.1393 

•0.01 

• 0,03 

•0,06 

•0,17 

•0.43 

•1,16 

-3.28 

-7,71 

31500. 

.1963 

•6,02 

-0.04 

•0,10 

-0.31 

-0.*2 

•2.32 

•6.45 

•14.48 

40000. 

• 3909 

•0.04 

-0,08 

•0.18 

-0,60 

•1,67 

-4.72 

-12.50 

-36.65 

90000.' 

• 4309 

• 0.06' 

•0.13 

•0.31 

-1.16 

-3.27 

-8.93 

-22.33 

-45.63 

63000, 

,6594 

•0,10 

•0.23 

•0.60 

•3,31 

•6,45 

•16.61 

-39.33 


80000. 

1.0376 

•0.18 

-0.44 

•1.20 

-4,72 

•12,50 

-30,33 

-68,59 


lOOOCO.' 

1,5976 

-0.31 

•0,83 

-2.34 

•8.93 

•32,33 

-51,61 




SB ««3.0 CB/tHiFD OCTAVE T > 277.6K ( 40.0F) BH • 10,0 « 


FBEO 

A(f} 



' ' OZSTANCt, 

¥ 




HZ 

DB/B 

5 

10 

20 

50 

100 

200 

400 

720 

4000, 

,0418 

•0,00 

-0,00 

-0.00 

-0,00 

•0.01 

-0,02' 

•0,04 

-0.09 

5000, 

• 0441 

•0.00 

• 0.00 

-0,00 

•0.00 

-0.01 

. -0.03 

-0,04 

-0,09 

6300. 

,0471 

• 0.00 

•0,00 

•0,00 

•0.00 

•0,01 

-0.02 

•0,05 

-0.11 

8000. 

.0513 

•0,00 

•0,00 

-0.00 

•0,01 

-0.01 

-0,03 

•0,08 

-0,19 

lOOQO, 

.0571 

•0,00 

-0,00 

'•0,00 

•0,01 

• 0.02 

•0,05 

-0.14 

•0,36 

12500, 

,0660 

•0.00 

-0,00 

•0.00 

-0.01 

•0,03 

-0,09 

-0,31 

-0.74 

16000; 

,0817 

•0,00 

-0,00 

-0.01 

•0.03 

-0,07 

-0.20 

-0,62 

-1,70 

300C0, 

.1041 

• 0,00 

-0,01 

-0.01 

-0.05 

•0,13 

•0,41 

-1,33 

-3,55 

29000,' 

.1392 

-0,00 

•0,01 

•0.02 

-0.09 

•0,27 

-0,87 

-2,81 

-7,10 

31500,' 

.1963 

•0,01 

•0,02 

•0.05 

•0.16 

•0.59 

-1,91 

-5.86 

-13.78 

40000. 

,2909 

•0.01 

-0,03 

-0.09 

-0.41 

-1.33 

•4.19 

-11.83 

-25,88 

50000, 

.4309 

•0.02 

• 0,06 

•0.19 

•0.87 

•2,81 

-8,29 

-21,58 

-44.82 

63000. 

.6594 

•0.05 

-0,13 

-0,40 

•1,91 

•5,86 

-15,90 

-38,53 


80000, 

1 .0376 

'-0.09 

•0,38 

•0,91 

•4,18 

-11.83 

•29.55 

-67,72 


lOOOCO, 

1.5976 

•0.19 

-0.59 

-1,03 

-6.29 

•21.58 

•50,79 





SB « 0 . 

,0 CR/THTpn 

OCTAVE 

T a 

277 , 6K ( 

40 . OF ) 

PN a : 

iO.O 4 


EPEO 

ACF) 



DlSXAHClf 

¥ 




¥2 

OB/N 

5 

10 

30 

50 

100 

200 

400 

720 

. 4000 . 

,0418 

• O.OO 

- 0,00 

0,00 

- 0,00 

- 0.00 

• 0.00 

- 0,01 

- 0,02 

5000 . 

,0441 

0,00 

0.00 

0,00 

0,00 

0,00 

0.00 

• 0,00 

• 0,02 

6300 . 

.0471 

0.00 

0.00 

0,00 

0,00 

o,ou 

0,00 

0,00 

• 0.02 

8000 , 

,0513 

0,00 

0,00 

0,00 

0,00 

0.01 

0.01 

- 0,00 

- 0,06 

10000 , 

.0571 

0,00 

0.00 

0,00 

0,01 

0.01 

O.Ql 

- 0,03 

- 0,17 

12500 , 

,0660 

0.00 

0.00 

0,00 

0.01 

0,01 

• 0,01 

- n.ii 

- 0.46 

16000 . 

.0817 

0.00 

0,00 

0,01 

0,01 

0.00 

- 0,06 

- 0.36 

• 1.28 

20000 ; 

,1041 

0,00 

0,00 

0,01 

0.01 

• 0.02 

- 0.30 

• 0,96 

• 2,99 

25000 . 

.1392 

0,00 

0,01 

0,01 

- 0.01 

• 0.10 

- 0,56 

- 2.30 

• 6,42 

31500 ,- 

.1963 

0.01 

0,01 

0,01 

• 0.05 

- 0.33 

• 1,47 

• 5.22 

• 13,01 

40000 , 

,2909 

0.01 

0.01 

• 0,01 

• 0,20 

- 0.99 

• 3.60 

- 11,07 

• 25,04 

50000 . 

.4309 

0,01 

0,00 

- 0,05 

- 0.56 

• 2.30 

- 7,59 

• 20.76 

• 43,94 

630cra . 

,6594 

0.01 

- 0,02 

- 0,20 

- 1,47 

• 5,32 

- 15.11 

- 37,66 


BOO ' QO , 

r,0376 

^ 0,01 

- 0.11 

- 0,59 

- 3,60 

- 11,07 

• 28,70 

- 66,82 


lOOOOO . 

1,5976 

- 0,05 

- 0,34 

• 1.49 

- 7,59 

• 20,76 

- 49,90 




SB a 2 , 

.0 CR/THlpn 

OCTAVE 

T a 

277 . 6K ( 

40 . OF ) 

PH a 

iib.o % 


FBfcO 

A(f 1 



ntSTANCE , 

¥ 




HZ 

DB/H 

5 

10 

20 

50 

lOO 

200 

400 

720 

4000 . 

.0418 

0,00 

0,00 

0,00 

0,00 

0,01 

0,02 

0.03 

0.04 

5000 . 

, 044 ] 

0.00 

0.00 

0,00 

0,01 

0,01 

0.02 

0.04 

0.05 

6300 , 

,0471 

0,00 

0.00 

0,00 

0.01 

0.02 

0.03 

0,05 

0.07 

8000 , 

.0513 

0,00 

0,00 

0.01 

0.01 

0.02 

0.05 

0,07 

0,07 

10000 , 

.0571 

0,00 

0.00 

0,01 

0.02 

0,04 

0.06 

0,08 

0,03 

12500 , 

,0660 

0,00 

0,01 

0,01 

0,03 

0,05 

0.06 

0,06 

• 0,16 

16000 , 

,0817 

0.01 

0,01 

0.02 

0.05 

0,07 

0.08 

- 0.09 

• 0,84 

200CO . 

.1041 

0,01 

0.02 

0.03 

0.06 

0,09 

0.01 

- 0,56 

- 2,40 

35000 . 

.1392 

0,01 

0.02 

0,04 

0,08 

0.06 

- 0,34 

- 1.75 

- 5.69 

31500 , 

.1963 

0,02 

0,04 

0,06 

0,08 

• 0,07 

- 1.01 

- 4,52 

- 12,17 

40000 . 

,2909 

0,03 

0.05 

0,00 

0,02 

• 0,56 

• 2,97 

- 10.25 

- 24.13 

50000 , 

;4309 

0,04 

0,07 

0,08 

• 0,24 

• 1.75 

- 6.83 

• 19.86 

• 42.98 

63000 , 


0,06 

0.09 

0,02 

• 1,00 

• 4,52 

- 14.25 

- 36,71 


80000 , 

1 . 0J76 

0,08 

0.06 

- 0,26 

- 3,97 

- 10.25 

- 27,78 

• 65.84 


lOOOOO , 

1,5976 

0,08 

• 0.08 

- 1,02 

- 6,83 

• 19,86 

• 46.94 





Table C. 3 ANSI Class III, 1/3 Octave Band Filter for Known Received Spectrum 



-6. 

CI/THIPn OCTAVE 

T ■ 

30S.4K ( 

90,0F> 

FN m 90 

»0 « 


FPEQ 




018TAI1CL* 

M 




H7 

DS/H 

5 

10 

30 

50 

100 

300 

400 

720 

4000. 

,0214 

•0*19 

-O.IS 

-0,21 

•0.34 

•0,39 

-0*40 

-0,59 

• 0*12 

5000* 

*0342 

-0*19 

-0*20 

-0*31 

-0*26 

• 0,33 

•0*46 

-0,61 

-0,93 


*0429 

•0,19 

•0*20 

•0*23 

-0*29 

• 0*39 

-0,56 

•Q*t3 

-1,01 

•000* 

*0564 

•0,20 

-0*22 

•0*35 

-0*34 

-0,4I 

•0*72 

-0,97 

-0*81 

10000* 

*0760 

•0,21 

•0*23 

-0.38 

-0«42 

-0,61 

•0,89 

-0*93 

0*24 

12S0O. 

*1063 

-0,22 

• 0*26 

•0*33 

-0*53 

-0*78 

•0*99 

-0*27 

3.21 

10000* 

*1597 

•0,25 

-0.31 

-0*42 

-0*70 

• 0,96 

-0,71 

2*29 

m.«l 

20000* 

*2361 

-0,29 

-0.37 

-0*53 

-0*18 

-0*94 

0,62 

7,64 

22.27 

25000* 

*3545 

•0,33 

•0*46 

-0*68 

-0*99 

• 0*34 

4,05 

17,40 

41.75 

31500. 

.5453 

•0*41 

•0.60 

-0*87 

-0*80 

1.75 

11,17 

34,25 

99*99 

40000* 

*0541 

•0,S2 

•0.77 

-l.OQ 

0*34 

6*72 

23*95 

99,99 

99.99 

SOOOO* 

1*2974 

•0*66 

-0*94 

-0.88 

3*13 

15,00 

42*74 

99*99 

99.99 

63000* 

1*9678 

-0.83 

-1.02 

-0*09 

8*60 

21*34 

99*99 

99*99 

99*99 

iOOCO* 

3*0515 

•0,99 

-0,79 

1.99 

17*55 

28*88 

99*99 

99*99 

99*99 

lOOOCO, 

4*4799 

•1,04 

•0*03 

5,46 

29*34 

99.99 

99*99 

99*99 

99,99 


5BP* -4, 

Ce/THIPD OCTAVE 

I « 

305.4R ( 

90. OF) 

PH « 90 

• 0 9 


FPFQ 

A(f) 



DI61AHCE, 

V 




HZ 

DP/H 

5 

10 

20 

50 

100 

200 

400 

720 

4000, 

.0264 

-0.13 

•0,14 

-0*15 

-0*17 

-0.21 

-0*29 

-0,41 

-0*55 

50CO. 

.0342 

-0*14 

-0,14 

•0,15 

-0.18 

-0*23 

•0.33 

-0.47 

-0*59 

6300. 

.0429 

-0*14 

•0.15 

-0.16 

-0,21 

•0.27 

-0*39 

-0.54 

•0,54 

8000* 

.0564 

•0*14 

-0.15 

-0.18 

•0*24 

• 0*34 

-0*48 

-0.56 

•0*14 

10000. 

*0760 

-0.15 

-0*17 

-0,20 

-0,30 

•0.42 

-0.55 

-0,34 

1*16 

12500, 

,1C63 

•0.16 

•0.19 

-0.24 

-0.37 

• 0*51 

-0.51 

0.S6 

4*36 

16000, 

,1597 

-0*18 

-0.22 

-0.30 

-0,47 

• 0.56 

0.01 

3,39 

11,71 

200C0. 

.2361 

-0,20 

-0.26 

-0,37 

-0*55 

• 0*36 

1*58 

6,91 

23.64 

25000* 

*3545 

-0*24 

-0,33 

-0.46 

-0*52 

0.47 

5*23 

18,76 

43*16 

31500, 

.5452 

•0.29 

-0*41 

-0.55 

-0*12 

2.82 

12*48 

35.65 

99*99 

400C0. 

.6541 

•0*36 

-O.Sl 

-0.54 

1*28 

7*97 

25*33 

99*99 

99.99 

500CO. 

1*2974 

•0*45 

-0,57 

-0.23 

4*26 

16.34 

44*16 

99*99 

99,99 

630C0. 

1*9878 

-0*54 

-0*50 

0,79 

9*88 

29.73 

99.99 

99*99 

99*99 

800C0. 

3.0515 

-0.59 

-0.09 

3.08 

16.90 

29.58 

99.99 

99.99 

99,99 

lOOOCO, 

4.4799 

-0.51 

0.8? 

6.68 

30*64 

59*99 

99*99 

99,99 

99,99 


SBps -2, 

CB/THTPD OCTAVE 

1 = 

305.4K ( 

9C.0F) 

PH « 90 

• 0 % 


FPf.fi 

A(M 



niSTANCf , 

P 




HZ 

DP/t' 

5 

10 

20 

50 

lUO 

200 

400 

720 

40C0. 

.0264 

-0.07 

• 0,07 

-0.08 

•C. lU 

-0*12 

-0,17 

-0,23 

-0.28 

5000. 

.0342 

-0,07 

-0,08 

-0.08 

-0* It 

-0*13 

-0,19 

-0.25 

-0,25 

6300. 

.0429 

-0.07 

-0.06 

-0.09 

-0.12 

• 0*16 

-0,22 

-0,25 

-0.06 

6000. 

.0564 

-O.OB 

-0,08 

•0.10 

-0*14 

-0.19 

-0.24 

-0.15 

0.51 

IOOCO. 

.0760 

*0,08 

- 0,09 

•0.11 

-0,17 

-0.22 

•0.22 

0.24 

2.03 

13500. 

,1C63 

-0,09 

-o.to 

-0.13 

•0*20 

• 0.24 

-0.04 

1,35 

5.42 

16000, 

.1597 

-0,10 

-0.12 

-0,17 

•C.24 

• 0*)0 

0.70 

4.41 

12,91 

200C0. 

.2361 

-0,11 

-0,15 

-0,70 

-0*2J 

0.20 

2*49 

10,07 

24,91 

250C0, 

. 3545 

-0,1 J 

•0.18 

-0,24 

- 0,06 

1 .25 

6.32 

20.00 

44.47 

31500. 

.5452 

- 0,u 

-0,22 

-0,23 

0.53 

3*81 

13,69 

36,95 

99,99 

40000. 

.6541 

-C.20 

-0,25 

-0,08 

7.16 

9.12 

26.60 

99,99 

99,99 

500C0. 

1,2974 

-0.24 

-0.21 

0.40 

5*34 

17,57 

45.47 

99.99 

99.99 

630C0. 

1.9676 

-0,25 

- 0.00 

1.61 

11*06 

31*01 

99.99 

99.99 

99.99 

8D0C0 . 

3.0515 

- 0.20 

0.59 

4.08 

20*15 

30.17 

99.99 

99,99 

99,99 

lOOOCO. 

4.4799 

0.00 

1.71 

7,60 

31.92 

99.99 

99,99 

99.99 

99,99 


SBP« 0. 

tP/THJHP OCTAVE 

1 s 

305, 4K ( 

9C.0FJ 

RF a 90 

• 0 % 


fPto 

A(f 1 



DISTANCE* 

P 




HZ 

DP/P 

5 

10 

20 

50 

1 00 

200 

400 

720 

40CO. 

.0264 

• 0,00 

- 0,00 

-0,01 

-0,01 

-0,02 

-0.04 

-0,05 

-0,02 

50CO, 

.0342 

• 0,00 

- 0,00 

-0,01 

•0.01 

-O.OJ 

-0.04 

-0,03 

0,09 

6300. 

.0439 

- 0,00 

- 0,00 

-0.01 

-0.02 

-0.03 

-0,04 

0.04 

0,37 

6000. 

,0564 

- 0,00 

-0,01 

-0,01 

-0.03 

-0.03 

•o.no 

0,25 

1.13 

IOOCO, 

,0760 

• 0,00 

-0,01 

-0.02 

-0.03 

-0.02 

0,10 

0,79 

2,63 

12500. 

.1063 

•0,01 

-0.01 

-0.02 

•O.OJ 

0.03 

0.41 

2.09 

6.40 

16000. 

,1597 

-O.Ol 

-0.02- 

-0.03 

-0,01 

0.23 

1*34 

5.35 

14.00 

200C0. 

.2361 

•0.02 

-0,03 

•0.03 

0*09 

0.75 

3.33 

11,14 

26,07 

25000. 

.3545 

•0*02 

-0,03 

•0,01 

0*38 

1.98 

7,32 

21,14 

45,67 

31SC0, 

.5452 

-0,03 

•0,03 

0.08 

1*15 

4.73 

14.79 

3P. 1 4 

99,99 

400CO. 

• 8541 

-0*04 

0.01 

0.36 

2*97 

10.17 

27,76 

99,99 

99,99 

500C0. 

1.3974 

-0,02 

0.14 

t .00 

6.31 

18.70 

46.67 

99.99 

99.99 

630C0. 

1 .907f 

0.03 

0,48 

2.36 

12*13 

32*18 

99,99 

99.99 

99,99 

60000, 

3,0515 

0,19 

1.23 

5,01 

21.29 

30.66 

99.99 

99,99 

99,99 

lOOOCO, 

4.4799 

0.50 

2.49 

e.Ri 

33.09 

99.99 

99.99 

99,99 

99,99 


5fiP» 2. 

EH/THlpn 

' OCTAVE 

T * 

305, 4K f 

9C.0F) 

PH = 90. 

.0 % 


1 Pbfi 

ACF ) 



DISTANCE* 

K 




HZ 

DB/P 

5 

10 

20 

50 

100 

200 

400 

720 

4000. 

.0264 

0.07 

0,07 

0.07 

0,07 

0.08 

0.09 

0.13 

0.25 

5000, 

.0342 

0 ,07 

0,07 

0,07 

0.08 

0.08 

0,11 

0,19 

0,41 

6300. 

.0429 

0*07 

0,07 

0,08 

0,08 

0.10 

0.14 

0.32 

0,79 

eooo. 

.0564 

0.07 

0,08 

0,08 

0*09 

0.12 

0.23 

0*63 

1 .71 

IOOCO. 

.0760 

0,06 

0.08 

0.06 

0,11 

0,1 1 

0.42 

1.31 

1.58 

125C0. 

,1063 

0 .08 

0 .08 

0.09 

5,14 

0,29 

O.AS 

2*78 

7,28 

16000. 

,1597 

0.08 

0,08 

0.11 

0.23 

0.61 

1.95 

6.21 

15.00 

200C0. 

.2361 

0*08 

0,10 

0.14 

0.41 

1.76 

4.10 

12.11 

27.12 

25000. 

.3545 

0,09 

0,12 

0,71 

0.81 

2*66 

6.23 

22.16 

46,76 

315CO. 

,5452 

0*10 

0.16 

0.38 

1*73 

5.56 

15.79 

39,22 

99.99 

400C0. 

.8541 

0*13 

0,27 

0,70 

3.73 

11*12 

26.62 

99.99 

99,99 

50000, 

1.2974 

0*19 

0.49 

1.S6 

7.19 

19.72 

47,76 

99.99 

99,99 

630CO, 

1.9878 

0*31 

0,94 

3.09 

13*11 

33.26 

99.99 

99.99 

99,99 

600CO. 

3.0515 

0*56 

1.82 

5.86 

22.33 

31*05 

99,99 

99,99 

99*99 

lOOOCO. 

4,4799 

0,97 

3.72 

9.77 

34*17 

99.99 

99,99 

99*99 

99,99 
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BBPa «6« 

CB/TKIBD OCTAVE 

1 ■ 

29I,2K ( 

77. or) 

BN • 70 

.0 % 


mo 

Acn 



distance# 

N 




H2 

DB/M 

5 

10 

20 

90 

100 

200 

400 

720 

4000, 

,0226 

-0,19 

• 0,20 

-0,21 

•0.2S 

• 0.31 

-0»43 

•0.93 

-0.66 

5000« 

• 0304 

• 0,19 

-0,20 

•0,22 

•0.29 

• 0.37 

-0,94 

•0,7* 

•0.99 

«300, 

• 0430 

•0,20 

-0.21 

•0.24 

•0,33 

• 0.47 

• 0,70 

-0.96 

•0.94 

«000« 

,0636 

• 0,21 

• 0,23 

•0.28 

•0.42 

• 0.61 

• O.OI 

•0.93 

0,24 

10000. 

• 0939 

• 0,22 

-0,26 

-0,33 

-0,53 

• 0.79 

•0.99 

•0,28 

3,20 

12500, 

.1407 

• 0,24 

-0,30 

•0,41 

•0,68 

-0.99 

-0,79 

1.14 

9,30 

16000, 

.2223 

• 0,26 

• 0,37 

•0,53 

-0.f7 

•0.96 

0,49 

7.22 

21,38 

30000, 

,3370 

• 0,33 

• 0.4S 

•0,67 

•1,00 

•0.47 

3.52 

16,02 

39,03 

25000, 

,5092 

•0,39 

-0.57 

•0,84 

•0.91 

1.09 

9.19 

29,71 

99,99 

31500. 

,7739 

• 0,48 

•0.72 

-0,99 

-0,27 

4.47 

18,42 

31,16 

99,99 

400C0, 

1,1735 

-0,60 

-0,89 

• 1.03 

1.39 , 

10.13 

31.71 

99,99 

99,99 

50000. 

1.6946 

•0,73 

-1,02 

•0,84 

3,99 

17.19 

0,92 

99,99 

99,99 

63000. 

2,4128 

•0.86 

•1.09 

-0,31 

7,60 

25.91 


99,99 

99,99 

eoooo. 

3,3699 

-0,97 

•1.04 

0,64 

12,21 

• 0.92 

99,99 

99,99 

99,99 

lOOOCO. 

4,4908 

•1,05 

-0,83 

2,09 

17,92 


99,99 

99,99 

99,99 


SBP« *4, 

Ce/THtpD OCTAVE 

T » 

298.2K ( 

77, or) 

BN B 70 

.0 % 


rfiEo 

A(F) 



DISTANCE. 

r 




H2 

DB/P 

5 

10 

20 

50 

too 

200 

400 

720 

4000. 

,0226 

•0,14 

-0,14 

•0.15 

•0,18 

•0.23 

•0.30 

•0,43 

•0,55 

5000, 

.0304 

•0.14 

-0,15 

-0,16 

•0,20 

•0,27 

•0,38 

-0,92 

-0.54 

6300, 

,0430 

•0,14 

-0,15 

-0,18 

•C.24 

•0.33 

-0,47 

-0,96 

•0,19 

8000, 

,0636 

-O.IS 

-0,17 

-0,20 

•C.3U 

• 0.43 

•0,55 

•0,34 

1.16 

ioooo. 

,0939 

•0,16 

-0,19 

-0.24 

•0.37 

-0.51 

•0,51 

0,96 

4.34 

12500, 

,1407 

-0,17 

-0.21 

-0,29 

•0,46 

• 0.56 

-0,10 

2,92 

10,59 

16000, 

.2223 

•0.20 

-0.26 

-0,37 

•0.59 

•0.39 

1.44 

8,49 

22.75 

20000, 

,3370 

-0.23 

-0.32 

-0.46 

•0.59 

0,33 

4,68 

17,37 

•40,44 

25000. 

.5092 

•0.28 

-0.40 

•0.55 

•0,28 

2.11 

10,48 

31,11 

99,99 

31500, 

.7739 

•0.34 

-0.49 

-0.68 

0,58 

5.66 

19,78 

31,85 

99,99 

400C0, 

1.1735 

•0.42 

-0,57 

-0,47 

2.44 

11.43 

33,18 

99,99 

94.99 

SQOCO, 

1,6946 

•0.50 

-0.61 

-o.u 

5.17 

18.54 

1.55 

99.99 

99.99 

630C0. 

2.4128 

•0,57 

-0.58 

0.54 

8.B6 

27.29 


99,99 

99.99 

flOQCQ. 

3.3699 

•0.63 

-0.43 

1.63 

13.53 

•0.30 

99.99 

99,99 

99,99 

lOOOCU. 

4.4908 

•0.64 

-O.lU 

3.19 

19,27 


99,99 

99.99 

99.99 


SEP* *2, 

CE/THIPD OCTAVE 

T ■ 

298.25 ( 

77. OF) 

PH a 70 

.0 4 


ePLU 

ME ) 



PISTANCfc# 

F 




V2 

DP/K 

5 

10 

2 0 

50 

1 UO 

200 

400 

720 

40CU . 

.0226 

•0.0 1 

-0,07 

-o.nw 

-C.IO 

• 0,12 

-0.17 

-0.23 

-0,24 

• 5OC0 , 

.0304 

•0,07 

-O.OB 

-0 ,09 

•0.11 

•0. 1 5 

-0.21 

-0,74 

-0.10 

6300, 

.04 30 

-O.OB 

-O.Ob 

-0,10 

-0.13 

-0.18 

-0.24 

-0.1 6 

0.44 

8000. 

,0636 

•O.OB 

-0.09 

-0.1 1 

-C.17 

-0.22 

-0.22 

0,24 

7.03 

lOOCU. 

.0939 

-0,09 

-0,10 

-0,1 3 

-0,20 

-0.24 

•0.04 

1.35 

5.40 

12500. 

.1407 

-0. 10 

-0,12 

•0.16 

-0.24 

-o.ie 

0.56 

3.91 

11.77 

160C0. 

.2223 

-O.ll 

-0,15 

-0,20 

-0.23 

0.1? 

7.34 

0.64 

24.01 

200CO. 

.3370 

-0,13 

-0.1 8 

-0,24 

-0,10 

1 .08 

5,75 

18,61 

41.75 

25000. 

.5092 

•0.16 

-0,22 

-0,25 

0.33 

3.06 

11.66 

32,39 

99.99 

315C0. 

.7739 

•0.19 

-0,25 

-0.18 

1 . 38 

6.7b 

21.03 

37.43 

99.99 

4U0C0. 

1.1735 

-0,23 

-0,26 

0,06 

3.41 

12.61 

34.47 

99.99 

99.99 

50000. 

1.6946 

-0,27 

-0,22 

0,55 

6,26 

19.78 

2,02 

99.99 

99.99 

630C0. 

2,4128 

•0.29 

-0.09 

1.35 

10.02 

28.57 


99,99 

99.99 

HOOCO, 

3,3699 

•0.28 

0.17 

2,55 

14.73 

0.20 

99.99 

99.99 

99,99 

looocn . 

4.4908 

•0.23 

0,59 

4.20 

20.51 


99,99 

99.99 

99,99 


S0P* 0, 

CB/THipr 

1 OCTAVE 

1 * 

20B.2K ( 

7 7, OF) 

PN a 70 

.0 4 


FPEG 

k(F) 



niSlANCL, 

y 




H2 

DP/»» 

5 

10 

20 

SO 

lun 

200 

4U0 

720 

40C0. 

.0226 

-O.PO 

-fl.Oo 

-0,01 

-0,01 

-0.02 

-0.03 

-0,02 

0,07 

5000. 

.0304 

-0.00 

-0.00 

-0,01 

-0.02 

•0.03 

-0.03 

0,03 

0,33 

6300, 

,04 30 

• 0,00 

-0,01 

-0,01 

-0.02 

• O.Oi 

-0,01 

0.22 

1.04 

eooo. 

,0636 

-0,00 

•0,01 

-0,02 

•0.03 

-0.02 

0.10 

0,79 

2. "3 

tooco. 

.0939 

•0.01 

-0,0) 

•0.02 

-O.OJ 

0.03 

0.41 

7.08 

6, 38 

12500. 

.140? 

•0,01 

•0.02 

•0.03 

-0.01 

0.19 

1.18 

4.83 

12.86 

160C0. 

.2223 

•0,02 

•0.03 

•0.03 

0.08 

0.70 

3,17 

10,70 

25,17 

20000. 

, 3370 

-0.02 

-0,04 

-0.02 

0,33 

1.78 

6.74 

19.74 

47.44 

25000. 

.5092 

•0.03 

-0.04 

0.04 

C.91 

3.94 

17,75 

33.57 

99,99 

31500. 

,77 39 

-0,04 

-0,02 

0.21 

2.13 

7,77 

22,17 

32,90 

99,99 

40000, 

1.1735 

-0,04 

0.04 

0,58 

4.31 

13.70 

35,65 

99,99 

99,99 

suoco. 

1.6946 

-0,03 

0,17 

I. 10 

7.26 

20.92 

2.28 

99,99 

99,99 

63000. 

2.4128 

-0,01 

0.38 

7.10 

1 1.08 

29.73 


99.99 

99.99 

800CO. 

3,3699 

0.06 

0.73 

3.40 

15.84 

0.59 

99.99 

99.99 

99,99 

lOOOCO. 

4.4908 

0,17 

1.25 

5.14 

21.65 


99.99 

99,99 

99,99 


SEP* 2. 

CB/THIpn 

1 OCTAVE 

1 s 

29B.2K ( 

77. OF) 

o 

I*- 

N 

X 

X 

.0 4 


IPEO 

ACE ) 



riSTAKCL . 

F 




HZ 

DP/P 

5 

10 

20 

50 

1 oo 

200 

400 

720 

4000. 

.0226 

0,07 

0.07 

0,08 

0.08 

0.08 

O.U 

0.18 

0,38 

5000. 

.0304 

0,07 

0.07 

o.ce 

0.08 

0.10 

0.14 

0,30 

0,74 

6300. 

.0430 

0,07 

0.08 

O.OB 

0,09 

o.u 

0,22 

0,60 

1 .60 

6000. 

,0636 

0.08 

O.OB 

O.OB 

0,11 

0,17 

0,42 

1.71 

3.56 

tooco. 

.0939 

O.OB 

O.OB 

0.09 

0.14 

0.29 

0,85 

2.77 

7.26 

12500. 

.1407 

0.06 

0.08 

0.10 

0.21 

O.Sb 

1.77 

5,67 

13,85 

16000. 

• 2223 

0.08 

0,09 

0.14 

0.39 

1.20 

3.93 

1 1.66 

26.22 

20000. 

.3370 

0.09 

0,11 

0.20 

0,75 

2.44 

7.63 

20.77 

44.03 

25000. 

.5092 

0.10 

0.15 

0.33 

1.46 

4.74 

13.73 

34.64 

99,99 

31500. 

,7739 

0.11 

0,21 

0,59 

2.82 

8.69 

23.22 

33,27 

99,99 

40000. 

1.17 35 

0.15 

0,34 

1,07 

5.13 

14.69 

36.73 

99.99 

99.99 

500C0, 

1.6946 

0.20 

0.54 

1.78 

8.16 

21. 9S 

2.44 

99,99 

99,99 

63000. 

2.4128 

0.27 

0.B3 

2.00 

12.05 

30.79 

• ••«•« 

99,99 

99,99 

80QC0. 

3.3699 

0.38 

1.26 

4.18 

16.85 

0.88 

99.99 

99,99 

99,99 

lOOOCO. 

4.4906 

0.55 

1 ,R6 

S.99 

22.69 


99.99 

99,99 

99,99 














«■!>■ -6. 

CI/THIRD octave 

1 ■ 

288,2K 1 

[ SI,OF) 

im • 

70,0 % 


FRfQ 

A(F) 



DISTAMCEi 

1 P 




HZ 

DB/H 

5 

10 

20 

50 

100 

200 

400 

720 

4000, 

.0251 

•0.19 

-0.20 

-0,22 

•0.28 

• Ot37 

•0*S4 

-0,79 

•0.98 

SOCQ, 

,0371 

•0,20 

-0,21. 

-0.24 

•0.33 

• 0«47 

•0*«9 

•0,95 

•0,87 

6300, 

.0564 

•0,21 

•0,23 

•0.28 

•0.41 

• 0*60 

• 0,87 

•0.96 

0,06 

• 000. 

.087? 

•0,22 

-0,26 

-0.33 

•0.52 

• 0*78 

• t.OO 

-0.37 

2.*' 

10000. 

• 1327 

•0,24 

•0.30 

-0.40 

•0.67 

-0,94 

. -0*86 

I.«3 

5.M 

12500. 

.1999 

•0,27 

•0,35 

-0.50 

•0.83 

, -1.02 

-0,09 

5.17 

16,98 

160C0. 

,3106 

-0.31 

•0,43 

•0,63 

• 0.99 

•0,78 

2.06 

12.05 

31,15 

20000. 

.4542 

•0.36 

•0.52 

-0,77 

. -l.OS 

•0*06 

5,37 

20,61 

16,19 

25000. 

.6480 

•0.42 

•0.61 

-0.91 

•0.95 

1.23 

9,66 

30,68 


31500. 

.9066 

•0,48 

•0,71 

• 1.02 

•0,66 

2,98 

14.53 

-20,77 


40000. 

t.2352 

•0.S4 

•0.81 

•1.10 

• 0,20 

4.96 

. .19.55 


99,99 

50000. 

1.5970 

•0,59 

•0,88 

•1.13 

0,41 

7,12 

13.58 


99,99 

63000. 

2.0369 

-0,65 

-0.95 

-1.09 

1,52 

10.53 

•61.43 

99.99 

99,99 

80000. 

2.5989 

•0,73 

-1.02 

-0.85 

3,94 

17.06 

•«««•• 

99,99 

99,99 

lOOOOO. 

3.2956 

-0.85 

-1.04 

•0,09 

8,64 

2.87 

99.99 

99.99 

99,99 


SBPs *4. 

Cfi/THIPD OCTAVE 

1 B 

288,2K ( 

59. OF) 

FN • 70,0 % 


FPEC 

A(F) 



DISTANCE, 

k 




HZ 

DB/H 

5 

10 

20 

50 

lOO 

200 

400 

720 

4000. 

.0251 

•0.14 

-0,15 

-0,16 

-0.20 

•0.26 

-0.37 

-0,52 

-0.54 

5000, 

,0371 

-0.14 

-0,15 

-0,17 

-0.24 

•0.3J 

-0,47 

-0.56 

-0,22 

6300. 

.0564 

-O.IS 

-0.17 

-0.20 

•0.29 

-0.41 

-0.55 

•0,39 

0.96 

8000. 

,0877 

-0,16 

-0.16 

-0,24 

• 0,37 

-0.51 

-0.53 

0.45 

4.01 

10000. 

,1327 

-0.17 

•0.21 

-0,28 

•0,45 

-0,57 

•0.20 

2.47 

9.51 

12500, 

• 1999 

-0.19 

-0,25 

-0,35 

•C.54 

-0.5U 

0.79 

6,39 

18,34 

16000. 

.3106 

-0.22 

-0, 30 

-0.44 

-0,59 

-0.07 

3.15 

13.36 

32,55 

20000. 

.4542 

-0.26 

-0.36 

-0,52 

-0,S2 

0.84 

6,58 

21.98 

16.85 

25000. 

.6460 

-0.30 

-0,43 

-0.59 

-0.29 

2.27 

10,96 

32.08 


31500. 

,9066 

-0.34 

-0.50 

-0,64 

0.12 

4.12 

15,86 

•20,16 


40000, 

1.2352 

•0.36 

-0.55 

-0.66 

0,69 

6.17 

20.91 


99.99 

500CO. 

1,5970 

•0,42 

-0,59 

•0.63 

1,38 

8.36 

14,42 


99.99 

630C0. 

2.0369 

-0.45 

•0.62 

-0.51 

2.56 

11.63 

-67,81 

99.99 

99.99 

8U0C0, 

2,5989 

-0.50 

•0,62 

•0.14 

5.12 

18.42 

«*«««« 

99.99 

99,99 

lOOOCO, 

3.2958 

•0,55 

•0,52 

0,79 

9.92 

3.48 

99,99 

99.99 

99.99 


SBPs -2, 

CP/THIpn OCTAVE 

1 - 

288. 2N ( 

59, OF) 

PH s 70,0 t 






DISTANCE, 

► 




hZ 

DR/t' 

b 

10 

20 

50 

lUO 

200 

400 

720 

40C0. 

.0251 

•0.07 

-0,08 

-0.09 

-C.U 

-n.ib 

-0.20 

-0,24 

-0,10 

50C0, 

,0371 

•0.08 

-n.ne 

• 0,10 

-0,13 

• o.ib 

-0,24 

-0.17 

0,40 

6300. 

.0564 

-0.08 

-0.09 

-O.U 

-0.1b 

•0.22 

-0,23 

0.17 

1,60 

eocu. 

,0877 

-0,09 

-0,10 

-0,13 

-C.20 

•0.2b 

-0.07 

1,22 

S.Ob 

lOOCO. 

,1327 

-o.lo 

-0,12 

-0.16 

•0,24 

■ -0.21 

0,43 

3.45 

10,69 

12500. 

.1999 

-o.u 

-0.14 

-0,20 

-C.25 

• 0,00 

1,62 

7.50 

19.58 

160C0. 

.3106 

-0,13 

-0,1 7 

-0,24 

-C,19 

0,61 

4,16 

14.58 

33.84 

200C0. 

.4542 

•O.Ib 

-0,21 

-0,27 

-0,01 

1 ,6H 

7,70 

23.23 

17,37 

25000. 

.6480 

-0.17 

-0.24 

-0.28 

C.34 

3.24 

12,14 

33.36 


315C0. 

.9066 

-0,20 

-0.27 

-0,2? 

0.87 

5,17 

17.09 

-19.69 


400C0. 

1,2352 

-0,22 

-0.30 

-0,22 

1.52 

7. 26 

22.16 


99.99 

50000. 

1.597C 

•0.24 

-0,31 

-0.14 

2,29 

9.5i 

15,03 


99.99 

630C0. 

2.0369 

•0.26 

-0,29 

0,05 

3,57 

13.02 

-67.44 

99.99 

99.99 

60000. 

2.5989 

•0,27 

-0.22 

0,53 

6,20 

19.66 


99.99 

99,99 

lOOOCO. 

3.2956 

-0.26 

-0,01 

1 .62 

11.10 

3.96 

99.99 

99,99 

99.99 


SBPs 0. 

CH/THtPD OCTAVE 

1 = 

288. 2K ( 

59. OF) 

PK B 7u.O % 


tPfcU 

A(F ) 



DISTANCE , 

K 




bZ 

DH/b 

5 

JO 

20 

50 

100 

200 

400 

720 

4000. 

.0251 

•0,00 

-0,00 

-0.01 

•0.02 

-0.03 

•0.03 

0,03 

n.3J 

5000. 

.0371 

•0,00 

-0.01 

-0,01 

•0.02 

-0.0 3 

•0.01 

0.21 

0,99 

6 300. 

.0564 

-0.00 

-0.01 

-0.02 

-0.03 

• 0.03 

0.08 

0,70 

2.50 

BOCO. 

.0877 

-0.01 

•0,01 

-0,02 

-0.04 

0.02 

0.37 

1.95 

6,02 

lOOCO, 

.1327 

-0,01 

-0.02 

• 0,03 

-0,02 

0.15 

1.03 

4.34 

11,76 

125C0. 

,1999 

•0.02 

•0,03 

• 0,04 

0,03 

0.46 

2.39 

8,53 

20,72 

160CO, 

.3106 

-0.02 

-0,04 

-0.04 

0.19 

1.25 

5.09 

15.68 

35.02 

200CO. 

.4542 

•0,03 

-0,05 

-0.02 

0.46 

2.4e 

8,73 

24.38 

17,78 

25000. 

.648C 

- 0,04 

-0,05 

0.02 

0.94 

4.13 

13.23 

34.54 


315C0. 

.9066 

•0,05 

-0,05 

0.09 

1.56 

6.14 

18.21 

•19.43 


400C0. 

1.2352 

-0,06 

-0.05 

0,20 

2.29 

8.29 

23.30 


99,99 

500CO. 

1,5970 

-0.06 

-0,03 

0,33 

3.12 

10.56 

15.43 


99.99 

63000. 

2.0369 

-0,06 

0.03 

0,59 

4.48 

14.11 

-67,18 

99.99 

99.99 

60000. 

2.5969 

-0,04 

0,16 

1.17 

7.20 

20,79 


99,99 

99.99 

lOOOCO. 

3,2958 

0.03 

0,47 

2,39 

12.16 

4,38 

99,99 

99,99 

99,99 


SBPs 2. 

CB/THTPD 

OCTAVE 

T * 

2R6.2K ( 

59, OF) 

HH B 70.0 % 


KPEC 

A(F) 



DISTANCE, 

N 




HZ 

DB/H 

5 

10 

20 

bO 

100 

200 

400 

720 

4000. 

.0251 

0.07 

0,07 

0,08 

0.06 

0.10 

0,14 

0.30 

0,74 

5000. 

,0371 

0,07 

0.08 

0,08 

0.09 

0.12 

0.22 

0,58 

1.55 

6300, 

,0564 

0.07 

0.08 

0.08 

0.10 

0.17 

0.39 

1.21 

3,31 

eoco. 

,0077 

0.06 

0.08 

0.09 

0.13 

0,26 

0,80 

2,62 

6,90 

lOOCO, 

.1327 

0.06 

0.08 

0. 10 

0.19 

0.50 

1 .60 

5.17 

12.73 

125C0. 

,1999 

0.06 

0.09 

0.12 

0.31 

0.94 

3.10 

9,46 

21,75 

160C0. 

.3106 

0,08 

0.10 

0.16 

0.57 

t .6b 

5,94 

16.69 

36.09 

200C0. 

.4542 

0.09 

0.11 

0.23 

0.95 

3.16 

9.66 

25.43 

16.08 

25000. 

.6480 

0.09 

0.14 

0.32 

1.51 

4.94 

14,21 

35.61 


31500, 

.9066 

0.09 

0.16 

0,45 

2.21 

7.02 

19,23 

-19.27 


400C0. 

1.2352 

0.10 

0,20 

0.60 

3.01 

9.22 

24.3b 


99,99 

bOOCO, 

1.5970 

O.U 

0,25 

0.7tt 

3.89 

n.54 

15.73 


99.99 

63000. 

2.0369 

0.14 

0.33 

1,09 

5.31 

15.11 

-67.02 

99.99 

99,99 

600C0. 

2,5989 

0.19 

0.53 

1,76 

8.10 

21.83 

«•«««« 

99.99 

99,99 

lOOOCO. 

3.2958 

0.31 

0.94 

3.11 

13.16 

4.66 

99.99 

99,99 

99,99 






IIP* *4, 

BB/THIRD OCTAYE 

t ■ 

2T7,6K { 

4o.or) 

BM ■ 19 

• 0 « 


mo 

Acr) 



OISTAIICE* 

H 




Ht 

PB/K 

S 

10 

20 

90 

100 

200 

400 

720 

4000, 

.041B 

•0,19 

-0,19 

•0.19 

•0,21 

• 0,24 

•0,29 

•0.39 

•0,55 

9000. 

,0441 

-0.19 

-0.19 

-0.19 

•0,21 

•0,24 

-0,30 

•0,40 

-0,56 

4300, 

.0471 

•0,19 

-0.19 

•0,20 

-0.22 

•0,29 

•0,32 

•0,45 

-0.63 

• OOO, 

.0913 

•0,19 

•0,19 

•0,20 

-0,23 

•0,21 

•0,39 

•0,54 

•0,76 

toooo. 

.0971 

•0,19 

-0.20 

•0,21 

•0,26 

• 0,33 

•0,46 

•0,69 

-.0,91 

12900, 

,0440 

-0.19 

•0,21 

-0,23 

-0,29 

• 0,40 

•O.SI 

-0.95 

-0.99 

14000, 

,0417 

•0,20 

-0,22 

•0.26 

•0,36 

• 0,52 

-0,76 

-0,99 

-0,61 

20000, 

.1041 

•0.21 

-0.24 

-0,30 

•0,45 

•0,66 

-0,93 

•0,12 

0,94 

29000, 

,1392 

-0.23 

-0,27 

•0,36 

•0.98 

•0,94 

-C,97 

0,25 

4.91 

31900, 

,1943 

• 0,25 

-O.M 

•0,45 

-0,75 

• 0,98 

• 0,47 

i.« 

13.18 

40000, 

,2909 

• 0,30 

•0,40 

•0,SI 

•0,93 

• 0,12 

1,60 

10,72 

26.57 

90000, 

,4309 

• 0,35 

•0,51 

-0,75 

-0,97 

0,24 

6,35 

23,09 

99.99 

43000, 

,6594 

-0,45 

-0,66 

-0,93 

• 0,47 

3.46 

15,96 

44,69 

99,99 

lOOQO, 

1.0374 

•0.58 

-0,95 

•0.96 

1,60 

10,72 

33,25 

99.99 

99.99 

100000. 

1,9974 

-0,75 

-0,99 

-0,46 

6,35 

23,09 

99,99 

99,99 

99,99 


SBP« -4, 

CB/THIFG 

1 OCTAVE 

. T ■ 

277. 6K ( 

40.0F) 

BH ■ 10 

.0 9 


FPEO 

AU) 



DISTANCE, 

M 




H2 

DB/B 

5 

10 

20 

50 

100 

200 

400 

720 

4000, 

.0410 

•0,13 

-0.13 

-0.14 

-0.15 

•0,17 

-0.21 

-0,39 

-0,39 

9000, 

,0441 

•0.13 

•0.13 

-0,14 

-0,15 

•0,17 

-0.21 

-0,29 

-0,40 

4300, 

,0471 

-0,1> 

-0.14 

-0.14 

•0,16 

• 0,18 

-0,23 

-0,32 

-0,44 

• 000, 

.0513 

-0,13 

-0.14 

-0.15 

-0,17 

•0.20 

-0,27 

-0,38 

-0,51 

10000. 

.0971 

-0.14 

-0.14 

-0.15 

-0.18 

-0,23 

-0,32 

•0,46 

•0,56 

139CO, 

,0660 

•0.14 

-0,15 

-0.16 

-0,21 

•0,26 

-0,40 

• 0,54 

-0,49 

14000, 

,0117 

•0,14 

-0,16 

-0.18 

-0,26 

-0.36 

•0,50 

•0.53 

0,13 

20000. 

,1041 

-0,15 

-0,1? 

-0.21 

-0,32 

•0,45 

•0,56 

-0,15 

1,94 

29000, 

,1392 

•0,16 

-0.19 

-0,25 

-0,40 

•0,54 

-0,43 

1.17 

6.12 

31500, 

,1963 

•0.18 

-0.23 

•0.32 

•0,50 

-0,53 

0.31 

4.62 

14.51 

40000. 

,2909 

-0,21 

-0,28 

-0.40 

-0,56 

-0,15 

2,66 

12.03 

29.96 

90000, 

.4309 

-0,25 

-0.35 

-0.50 

-0.43 

1.17 

7,59 

24,47 

99.99 

63000, 

.6594 

-0,32 

•0.45 

-0.56 

0,31 

4.62 

17,21 

46,12 

99,99 

10000, 

1,0376 

-0.40 

-0.54 

-0,41 

2.6b 

12.03 

34.65 

99.99 

99.99 

lOOOCO, 

1.5976 

-0,50 

-0.53 

0.34 

7.59 

24.47 

99.99 

99.99 

99.99 


SOP* *2. 

CB/THtpn OCTAVK 

1 * 

277, 6K ( 

40. OF) 

z 

It 

o 

.0 « 


FPEQ 

A(F ) 



DlSTAhCk, 

H 




HZ 

DB/P 

5 

10 

20 

50 

100 

200 

400 

720 

40CU, 

.0416 

-0,07 

-0.07 

-0.07 

•0.06 

-0.10 

-0.12 

-0,17 

-0.2 3 

5000, 

,0441 

•0,07 

-0,07 

•0,07 

• 0.08 

•0.10 

-0.12 

-0.17 

-0.2 3 

6300, 

,0471 

•0,07 

• 0,07 

•0.06 

•0,09 

•0.10 

•0.13 

-0.18 

-0,24 

HOOO. 

.0513 

•0.07 

• 0.07 

-0.06 

•0,09 

-0,11 

-0.15 

-n.2i 

-0.25 

lOOCO. 

,0571 

-0.07 

-0,06 

-0.00 

-0. lU 

•0, ] 3 

-0,16 

-0.24 

-0,22 

125CO. 

.0660 

-0,07 

• 0.06 

-0,09 

-0.12 

-0,1b 

-0,22 

-0.23 

0.00 

IbOOU, 

,0617 

•0.06 

-0,09 

-0,10 

-0.14 

•0.20 

-0,24 

-0.07 

0.84 

200C0, 

.1C41 

•0.08 

-0.09 

-0.12 

-0.16 

-0,23 

-0,19 

0.49 

2.86 

250C0. 

.1392 

•0,09 

-O.ll 

-0,14 

-0,21 

•0.23 

0.10 

2.03 

7. 23 

31500, 

.1963 

•0.10 

-0,13 

-0.16 

-C.24 

-0.09 

1.06 

5.69 

15,73 

40UCO, 

,2909 

-0.12 

-O.U 

-0.22 

-0,19 

0.49 

3.64 

13.23 

31 .25 

sooco. 

.4309 

•0.14 

-0.20 

-0.24 

0.10 

2.03 

8,74 

25.74 

99.99 

6JOCO, 

,6594 

•0,16 

-0.23 

-0.19 

1.06 

5.66 

18.45 

47.42 

99,99 

4000U, 

1,0376 

•0,22 

-0,23 

0.13 

3.64 

13.23 

35.95 

99.99 

99,99 

lOOOCO, 

1.5976 

•0,24 

•0.09 

1.09 

0,73 

25.73 

99.99 

99.99 

99,99 


saP* 0. 

CH/THTPC 

1 nCTAVE 

1 * 

277. 6K ( 

40. OF) 

o 

X 

.0 t 


FHEO 

A(F) 



DISTAHCF . 

H 




HZ 

OP/M 

S 

10 

20 

50 

100 

200 

400 

720 

40C0. 

,0416 

-o,ou 

-0,00 

-0.00 

-0.01 

-0,01 

-0,03 

-0,05 

-0,07 

50C0. 

,0441 

-0,00 

-0,00 

-0,00 

-0.01 

•0,01 

-0.03 

-0,04 

-0,06 

63CO, 

.0471 

-0,00 

-0.00 

-0,00 

-0.01 

•0.01 

-0,03 

-0.04 

-0,04 

eoco. 

.0513 

-0,00 

-0.00 

-0,00 

-0.01 

•0.02 

-0.03 

-0.04 

0,00 

100C0. 

,0571 

-0,00 

-0,00 

-0.01 

•0,01 

•0.02 

-0.03 

-0.02 

0.13 

I25C0. 

.0660 

-0,00 

-0,00 

-0,01 

-0,02 

-0,0 3 

-0.03 

0,07 

0.48 

16000. 

.081? 

-0,00 

-O.Ol 

-0.01 

•0.03 

•0.03 

0.02 

0,37 

1,52 

200C0. 

.1041 

-0,01 

-0,01 

-0.02 

-C.03 

-0.01 

0.17 

1 .10 

3,74 

250CU. 

. 1 392 

-0.01 

-0,02 

-0,03 

-0.03 

0.07 

0,61 

2,84 

8.25 

31SCU. 

.1963 

-0.01 

-0.02 

-0.03 

0.01 

0.33 

1,76 

6.67 

16.85 

400CO. 

.2909 

•C,02 

-0.03 

-0.03 

C.17 

1.10 

4.54 

14.33 

32.42 

SOOCO. 

.4309 

•0,03 

-0,03 

0,01 

0.61 

2.83 

9,76 

26,90 

99.99 

63000, 

,6594 

•0.03 

-0.01 

0.17 

1,76 

6.67 

19.56 

48.62 

99.99 

10000, 

1.0376 

•0.03 

0.08 

0,65 

4.54 

14.33 

37,13 

99.99 

99,99 

lOOOCO, 

1,5976 

0,01 

0.34 

1,79 

9.78 

26.90 

99.99 

99.99 

99,99 


SaPs 2, 

CB/Thtpr 

1 uctave 

1 = 

277.68 ( 

40. OF) 

PH s 10 

.0 4 


FHEG 

A(F3 



DlSTAfiCb, 

K 




HZ 

DB/M 

5 

10 

20 

50 

100 

200 

400 

720 

40C0, 

.0418 

0.07 

0,07 

0.07 

0.07 

0.07 

0,07 

0,07 

0.09 

5000. 

.0441 

0,07 

0.07 

0.07 

0,07 

0,07 

0.07 

0.08 

0.11 

< 6300, 

,0471 

0.07 

0.07 

0,07 

’ 0,07 

0.06 

0.06 

0,10 

0.15 

80C0, 

.0513 

0.07 

0.07 

0,07 

0.06 

0.06 

0.09 

0.14 

0.25 

lOOCO. 

.0571 

0,07 

0.07 

0.06 

0,06 

0,09 

0.11 

0.21 

0.46 

12500. 

,0660 

0,07 

0.07 

0,06 

0.06 

0.10 

0.16 

0.37 

0.93 

16000. 

.0817 

0,07 

0,08 

O.OB 

0.09 

0.13 

0.26 

0,79 

2.14 

200UU, 

.1041 

0.08 

0.08 

o.oe 

C.ll 

0,20 

0.53 

1,67 

4.54 

25000, 

.1392 

0.08 

0.06 

0.09 

0.16 

0,3b 

1.10 

3.58 

9,17 

J15C0. 

.1963 

0.08 

0,09 

0.11 

C.26 

0,74 

2.42 

7*56 

17,67 

400C0. 

.3909 

0.08 

0,10 

0.16 

C,53 

1.67 

5,37 

15.33 

33,49 

50000. 

.4309 

0.09 

0,13 

0,27 

1.09 

3.56 

10,73 

27.96 

99,99 

43000. 

.6594 

0,11 

0.20 

0.52 

2.42 

7,5b 

20.61 

49.72 

99,99 

lOOCO. 

1.0376 

0.16 

0.37 

1.14 

5.37 

15.33 

38.21 

99,99 

99,99 

lOOOCU. 

1,5976 

0,27 

0,75 

2.45 

10.73 

27.90 

99.99 

99,99 

99,99 


Table C.4 Perfect 1/3 Octave Band Filter for Known Received Spectrum 





IIPB -6. 

XB/IHIFD OCTAVE 

T « 

309.4K ( 

tO.OP) 

PM ■ 

90,0 B 


FHEO 

Acr) 



DIBTANCEf 

M 




HZ 

DB/H 

5 

10 

20 

50 

100 

200 

400 

720 

4000, 

• 02B4 

• 0.30 

•0,30 

-0,31 

-0.32 

• 0.35 

•0,39 

•0,47 

-0,55 

5000, 

.0342 

• 0.30 

•0,30 

-0,31 

•0.33 

• 0.36 

-0,42 

•0,50 

-0,55 

6300, 

.0429 

• 0,30 

•0,31 

•0,32 

-0,34 

• 0*39 

-0,45 

-0,53 

•0.48 

6000. 

.0564 

• 0,30 

-0,31 

•0.33 

•0,37 

-0*42 

-0,50 

-0,51 

-0,09 

lOOCO. 

.0760 

• 0,31 

-0.32 

•0,34 

•0.40 

• 0*47 

-0,53 

-0,38 

1.12 

12S00« 

.1063 

•0.31 

-0,33 

-0,36 

•0.44 

-0,52 

• 0,45 

0,56 

4,17 

16000, 

,1597 

•0.32 

-0,39 

•0.40 

•o.so 

• 0,51 

o,os 

3,33 

11,37 

zoooo. 

,2361 

•0.34 

-0.38 

•0,44 

•O.Si 

• 0*30 

1.92 

• »61 

23.23 

25000. 

.3545 

•0,36 

-0.42 

•0.49 

•0.47 

0.48 

S.01 

18,37 

42,71 

31500. 

.5452 

•0.39 

• 0,47 

-0.53 

-0,07 

2,69 

12,13 

35,31 

-49,46 

4OOC0. 

,8541 

•0.44 

-0.52 

•0.48 

1.23 

7.66 

24,91 

0,38 


50000. 

1,2974 

-0,49 

-0.54 

-0,17 

4.09 

15,96 

43,71 



63OC0. 

1,9678 

-0.53 

-0,44 

0,77 

9.56 

29,30 

-57,51 



90000. 

3,0515 

-0.54 

-0,04 

2.93 

18.51 

29,84 




100000. 

4,4799 

•0,44 

0.85 

6.42 

30,21 






5BP* -4, 

CB/THIPC 

1 OCTAVE 

1 e 

305. 4N ( 

90. OF) 

PH ■ 90.0 % 


FPiiU 

A(F) 



DISTANCE* 

V 




HZ 

DB/H 

5 

10 

20 

50 

100 

200 

400 

720 

40CO, 

.0284 

•0.20 

-0.20 

-0,21 

-0,21 

-0.23 

-0,26 

-0.29 

-0,31 

5000. 

.0342 

•0.20 

-0.20 

-0.21 

•0.22 

•0.24 

-0,27 

-0,29 

-0.26 

6300. 

.0429 

•0.20 

-0.20 

•0.21 

-0.23 

•0,25 

•0,28 

•0,28 

-0,09 

8000. 

.0564 

•0,20 

-0.21 

-0,22 

-0,24 

-0.27 

-0,28 

•0.1b 

0.46 

lOOOO. 

.0760 

•0.21 

-0.21 

-0.22 

-0,25 

•0,28 

-0,24 

0.20 

1,87 

12500, 

.1063 

-0.21 

-0,22 

•0,24 

-0,27 

•0.28 

-0.06 

1.24 

5,12 

16000, 

,1597 

-0,22 

-0,23 

-0,25 

-0.26 

-0,17 

0.63 

4.14 

12.47 

20000. 

.2361 

-0,22 

-0,24 

-0.27 

-0.25 

0.17 

2.30 

9.67 

24.41 

25000. 

,3545 

•0.24 

-0.26 

-0.28 

-O.OB 

1,14 

5,99 

19,52 

43.93 

31500, 

,5452 

-0.25 

-0,28 

-0,26 

0,48 

3.56 

13.24 

36.42 

-49,17 

4O0C0, 

.8541 

-0,27 

-0,28 

-0,10 

1.99 

0,73 

26.09 

0,67 


500C0. 

1.2974 

-0,29 

-0,23 

0.36 

5,03 

17.10 

44.93 



63000. 

1.9878 

•0,28 

-0.02 

1,48 

10.64 

30.49 

-57.23 



8000U. 

3.0515 

-0.21 

0,53 

3.82 

19.67 

30,34 




lOOOCO, 

4.4799 

•0,01 

1.57 

7.44 

31,40 






SDPs -2. 

Ce/THIPC 

1 OCTAVE 

T = 

305.48 ( 

9C.0F) 

PN a 90.0 % 


FPFO 

A(k ) 



DISTANCE* 

F 




MZ 

Dfl/P 

5 

10 

20 

SO 

100 

200 

400 

720 

4OC0, 

.0284 

-0,10 

-0,10 

-0.10 

-O.ll 

• 0.1 1 

•0.12 

-0,11 

-0,06 

5OC0, 

.0342 

•0,10 

-0.10 

-0,10 

-0.11 

-0.11 

-0.11 

-0.09 

0.04 

6300, 

.0425 

•O.lU 

-0,10 

-0,10 

-0.11 

-0.11 

-0.10 

-0.02 

0.30 

8000. 

.0564 

-0.10 

-0.10 

-0.10 

-0.11 

-o.ll 

-0,06 

0.19 

1.00 

lOOGO, 

.0 160 

-0,10 

-O.IO 

-0,11 

-0.11 

•0,09 

0.05 

0,68 

2.59 

12500. 

.1063 

-n.io 

-O.ll 

-O.ll 

-0.10 

•0,03 

0.34 

1.90 

6.02 

16OC0, 

.1597 

-0,10 

-0,11 

-0.1 1 

-0.06 

0.17 

1.20 

5.01 

13.51 

2OOC0. 

.2361 

-0.11 

-0.11 

-0.10 

0.04 

0,6b 

3,06 

10.68 

25.51 

25OC0, 

. 3545 

-0,11 

-0,11 

-0,07 

0.32 

1.79 

6.92 

20,61 

45.07 

31SCU. 

,5452 

-0,11 

-0,09 

0.02 

1.02 

4.40 

14,29 

37,55 

-48.96 

4OU00. 

. 8541 

-0.10 

-0.04 

0.29 

2.73 

9.72 

27,20 

0.88 


500C0. 

1.2974 

•O.OB 

0,09 

0.88 

5.93 

18.17 

46.07 



63000. 

1,9878 

-0,02 

0,40 

2.17 

. 11.66 

31.61 

-57,01 



900C0. 

3.0515 

0.13 

1,09 

4.60 

20,75 

30.78 




lOOOCO. 

4,4799 

0 . 42 

2,27 

8.41 

32.52 






SOPs 0, 

tP/TH!pD 

OCTAVE 

1 B 

305. 4K ( 

90, OF) 

HN = 90.0 \ 


fPlG 

A(f ) 



niSTANCk * 

F 




HZ 

DH/F 

5 

10 

20 

50 

100 

200 

400 

720 

400 0. 

.0284 

0,00 

0.00 

0.00 

0.01 

0,01 

0.02 

0.07 

0,18 

50G0. 

,0342 

0,00 

0,00 

0,00 

0.01 

0.02 

0.04 

0.12 

0.3J 

6300. 

,0429 

0.00 

0.00 

0,00 

0.01 

0.03 

0.08 

0.24 

0.68 

8000. 

.0564 

0,00 

0,00 

0,01 

0.02 

0.06 

0.16 

0.53 

1.53 

10000. 

.0760 

0.00 

o.oi 

0.01 

0.04 

0.11 

0.34 

1.16 

3.29 

12500, 

.1C63 

0,00 

0,01 

0.02 

0.07 

0.22 

0.73 

2.53 

6.8 7 

160C0, 

.1597 

0,01 

0.02 

0.04 

0.16 

0.51 

1.75 

5,82 

14.48 

2O0C0, 

.236! 

0.01 

0.03 

0,08 

0,33 

1.11 

3,79 

11.62 

26.54 

250C0, 

,3545 

0,02 

0.05 

0.15 

0.70 

2.41 

7.80 

21.62 

46.14 

31500, 

.5452 

0,04 

0,10 

0.31 

1.55 

5.20 

15.27 

36.61 

-48,82 

400CU. 

.8541 

0,07 

0,20 

0.67 

3.43 

10.64 

28.24 

1.02 


SOOCO, 

1,2574 

0.13 

0«40 

1.39 

6.78 

19,17 

47,14 



63OC0. 

1,9678 

0.24 

0.82 

2.83 

12.61 

32.66 

-56.86 



90000, 

3.051b 

0,47 

1.63 

5.48 

21,77 

31.14 




touoco. 

4,4799 

O.H4 

2.94 

9.31 

33.57 






S8P= 2. 

CP/ ■ iTpn 

OCTAVE 

I s 

305. 4K ( 

90, OF) 

PH = 90.0 1 


FPkiJ 

A(F ) 



niSTINCE. 





HZ 

DB/P 

5 

to 

20 

50 

100 

200 

400 

720 

4000, 

,0284 

0.10 

0.10 

0.11 

0.11 

0.1 J 

0.16 

0.25 

0,43 

5000, 

.0342 

0,10 

0,10 

0,1 1 

0.12 

0.14 

0.20 

0.3J 

0.63 

6300. 

.0429 

0,1 0 

0.11 

0,11 

0.13 

0,1V 

0.26 

O.SO 

1.06 

8000, 

.0564 

0 . n 

0.11 

0.12 

0,15 

0.22 

0.39 

0,88 

2,03 

lOOCO, 

.0760 

0.11 

0.12 

0,13 

0.19 

0.31 

0,63 

1.61 

3.94 

125C0, 

.1063 

0.1 1 

0,12 

o.ts 

0.25 

0.47 

1,12 

3.13 

7.66 

16000. 

,1597 

0.12 

0.14 

0,19 

0.38 

0.85 

2.28 

6.S9 

15,38 

200CU. 

.2361 

0,13 

0,17 

0.25 

0,61 

1.56 

4,47 

12.49 

27.50 

25000. 

. 3545 

0.15 

0.21 

0.36 

1.08 

3.01 

8.61 

22.56 

47.14 

315CU, 

,5452 

0. 1 H 

0.29 

0,59 

2.06 

5.94 

16,17 

39.60 

-48.7b 

400C0, 

.8541 

0.24 

0.44 

1.04 

4,09 

11.51 

29.21 

1 .06 


500CU. 

1,2974 

0.33 

0,71 

1.88 

7.57 

20.11 

48.14 



63OC0. 

1 ,98?b 

0.50 

1.22 

3.45 

13.49 

33,64 

-56.81 



800C0. 

3,0515 

0.80 

2.16 

6.23 

22.71 

31,43 




lOOOCu. 

4,4799 

1.26 

3.58 

10.15 

34,55 
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RBPB -6. 

CB/THIRD octave 

T « 

2BI.2K ( 

99. OP) 

PH ■ 

70,0 % 


FREQ 

A(F) 



DISTANCE* 

P 




K2 

DB/M 

5 

10 

20 

50 

100 

200 

400 

720 

4000« 

.0251 

-0.30 

-0.31 

-0,31 

-0.34 

•0*)8 

•0.44 

•0.52 

-0*48 

sooo. 

.0371 

• 0.30 

• 0.31 

•0.32 

-0*38 

• 0.42 

• 0.50 

•0.52 

-0,17 


.0564 

•0.31 

-0.32 

-0.34 

-0,39 

• 0*47 

•0.53 

•0.32 

0,93 

8QCO, 

.0877 

•0.31 

-0,33 

•0.36 

•0*44 

• 0*92 

•0*47 

0»46 

3.0 

10000. 

.1327 

•0.32 

• 0.35 

-0,39 

-0.49 

-0.93 

-0,15 

2,36 

9.20 

12SOO. 

.1995 

•0,33 

-0.37 

-0.43 

-0.S3 

-0,44 

0.78 

6.13 

17,95 

16000. 

,3106 

-0.35 

-0.40 

-0,48 

-0.54 

-0.02 

3,00 

13,01 

32.12 

20000, 

,4542 

-0.37 

-0.44 

-0,53 

-0.45 

0.82 

6,33 

21,57 

15,76 

25000. 

,6480 

•0.40 

-0.48 

-0,57 

•0*22 

2.17 

10.63 

31,65 


315C0. 

,9066 

•0.43 

-0,52 

-0,59 

0,16 

3.93 

15.49 

•20,56 


40000. 

1.2352 

-0.45 

-0.55 

•0.58 

0.68 

5.92 

20.51 



50000, 

1,5970 

•0,47 

-0.57 

-0.54 

1.33 

8*09 

14,64 



63000. 

2,0369 

•0.49 

• 0,58 

-0,42 

2,46 

11.49 

•68.38 



800C0, 

2,5989 

•0.52 

-0,56 

-0.08 

4,90 

18.03 




100000, 

3,2958 

-0.54 

•0,45 

0,77 

9,61 

3.83 





SBPs -4, 

CB/.7HTPD 

1 OCTAVE 

1 » 

288.2IC ( 

59. OF) 

PH B ' 

70.0 % 


FPEO 

A(F) 



DISTANCE* 

N 




yz 

DB/P 

5 

10 

20 

SO 

100 

200 

400 

720 

4000. 

.0251 

-0,20 

-0,20 

-0,21 

-0.22 

•0.25 

-0.27 

-0,27 

•0,11 

5000. 

.0371 

•0.20 

•0.21 

-0.21 

•0,24 

•0.26 

-0.28 

-0,19 

0.35 

6300, 

,0564 

-0.21 

-0.21 

-0,22 

•0.25 

-0.28 

-0.25 

0,14 

1,65 

eoco. 

.0877 

-0.21 

-0.22 

-0,24 

-0,27 

-0.28 

-0.09 

l.M 

4.77 

lOOGO, 

,1327 

-0,21 

-0,23 

-0,25 

-0.29 

-0.22 

0.38 

3,21 

10.28 

12500. 

• 1999 

•0.22 

-0.24 

-0,27 

-0.26 

•0.02 

1,48 

7,15 

19.10 

UOCO, 

,3106 

-0.23 

•0.26 

-0.29 

-0.20 

0.S5 

3,90 

14,13 

33.31 

200CO, 

,4542 

-0.25 

-0.28 

-0.30 

-0.Q2 

1.S4 

7.34 

22,74 

16.23 

25000, 

.6480 

-0.26 

-0.30 

-0,30 

0.31 

3.02 

11,72 

32.84 


31500. 

.9066 

•0.2B 

-0.31 

-0.27 

0.79 

4.88 

16.63 

-20.15 


400C0. 

1.2352 

•0.29 

-0.32 

-0,22 

1.39 

6.93 

21.67 



50000. 

1.5970 

•0.30 

-0.32 

-0,14 

2,11 

9.14 

15.18 



63000. 

2.0369 

•0,31 

•0.30 

0.04 

3.33 

12.59 

•67.96 



800CO. 

2,5989 

•0,31 

-0»23 

0.4B 

5.08 

19.16 




lOOOCO. 

3.295b 

•0,29 

-0.03 

1.49 

10,69 

4.25 





SBPs -2. 

CB/ThTPD 

1 octave 

I * 

288. 2K ( 

59 .OF) 

PH s ' 

70.0 1 


V Hto 

A(F) 



DISTANCE* 

¥ 




HZ 

OP/** 

5 

10 

20 

50 

too 

200 

400 

720 

4oro. 

,0251 

-0,10 

-0.10 

-0.10 

-0,11 

•0.11 

-0.10 

-0.02 

0,26 

50C0. 

, 0371 

-0.10 

-0,10 

-o.to 

-0.11 

•0.11 

-0,07 

0,15 

0,87 

6300. 

.0664 

-0,10 

•0.10 

-0.11 

-O.ll 

-0.09 

0.03 

0.61 

2.3b 

0000. 

,0877 

-0. 10 

-0,11 

-0,11 

-0.10 

-0.04 

0, 30 

1,76 

5.66 

lOOCO. 

.1327 

-0,10 

-0,11 

-0,11 

•Q.oe 

0.10 

0.91 

4.03 

11 .29 

12500. 

.1999 

-0.11 

-0,11 

-0.11 

-0,02 

0.4U 

2.17 

8.10 

20.18 

160C0, 

.3106 

-0,11 

-0.11 

-0.10 

0 .14 

1.11 

4.75 

15.18 

34.44 

200C0, 

.4542 

-0.1 1 

-0.11 

-0,07 

0.41 

2.24 

8.31 

23.84 

16.59 

250C0, 

,6480 

-0,12 

-0,11 

-0,02 

0,83 

3.83 

12.74 

33,97 


31500, 

.9066 

-0.12 

-o.ll 

0,05 

1.40 

5.77 

17.69 

-19.81 


40000, 

1.2352 

-0,13 

-0.09 

0.1 4 

2.08 

7.88 

22.76 



SOOCO. 

1.5970 

-0,12 

-0.07 

0,27 

2.87 

10.13 

15.63 



630C0. 

2.0369 

•0,12 

-0,02 

0.50 

4.16 

13.63 

-67,61 



80000, 

2.5989 

-0,09 

0,11 

1.04 

6.80 

20.26 




lOOOCO, 

3,2958 

-0,02 

0. 40 

2.J8' 

11.70 

4.59 





SBps 0. 

Ce/THlHD 

OCTAVE 

1 s 

288. 2N ( 

59. OF) 

RN » 70.0 4 


l-Pfc(. 

A(e ) 



DISTANCE* 

¥ 




HZ 

CH/P 

5 

10 

20 

SO 

lUO 

200 

400 

720 

4UC0, 

.0251 

0.00 

0,00 

0.00 

0.01 

0.03 

O.OB 

0.2J 

0,63 

50CO. 

.0371 

0.00 

0,00 

0,01 

0,02 

0.0b 

0.15 

0,48 

1 .38 

6300. 

.0564 

0.00 

0,01 

O.Oi 

0.04 

0.10 

0,31 

t .06 

3,03 

80C0. 

.0677 

0.00 

0,01 

0.02 

0,07 

0.21 

0.69 

2.36 

6,50 

10000, 

.1327 

0.01 

0,01 

0,03 

0.13 

0,41 

1.42 

4.81 

12,23 

125C0. 

,199$ 

0.01 

0,02 

0,06 

0,24 

0.82 

2.83 

9,00 

21.19 

160C0, 

,3106 

0,01 

0.03 

0,10 

0.47 

1 .66 

5.56 

16.16 

35.50 

200C0, 

.4542 

0.02 

0,05 

0.16 

0,83 

2.91 

9,21 

24,86 

16.87 

250CU, 

.6480 

0.03 

0.08 

0.2b 

1,34 

4.60 

13,70 

35.02 


31500. 

,9066 

0.03 

0.1 0 

0.37 

2.00 

6.61 

18.68 

-19,55 


40OCU, 

1.2352 

0.04 

0,14 

0,50 

2.75 

8,77 

23.76 



SOOCO. 

1,5970 

0.05 

O.IB 

0.67 

3.59 

11.06 

15.91 



63000. 

2.0369 

o.ob 

0,27 

0.96 

4.95 

14,59 

-67,34 



800C0. 

2.5989 

0.13 

0,44 

1 .58 

7,67 

21.27 




lOOOCO. 

3.295b 

0.24 

0.82 

2.84 

12.65 

4.8b 





SBPs 2, 

CP/THtpn 

OCTAVE 

T = 

288, 2K ( 

59, OF) 

RH B 70.0 4 


FPtC 

*(F> 



DISTANCE* 

¥ 




HZ 

DB/P 

5 

10 

20 

50 

100 

200 

400 

720 

4000. 

.0251 

0.10 

0.11 

0,11 

0.13 

0.17 

0.25 

0,48 

1,00 

5000. 

.0371 

0.10 

0.11 

0.12 

0,15 

0.21 

0.37 

O.Sl 

1.86 

630U. 

.0564 

0.11 

0,11 

0.13 

0.18 

0.29 

0.60 

1.51 

3.67 

8000. 

.0877 

0.11 

0,12 

0,15 

0.24 

0.4b 

1,07 

2,97 

7,28 

lOOCO, 

.1327 

0.12 

0,14 

0.18 

0.34 

0.73 

1,92 

5.54 

13.11 

12500. 

.1999 

0.13 

0,15 

0,22 

O.SO 

1.22 

3.46 

9.84 

22.13 

160C0. 

.3106 

0.1 4 

O.IB 

0.30 

0.81 

2.19 

6.32 

17,07 

36.48 

20000. 

.4542 

0,15 

0,?2 

0.39 

1.24 

3.54 

10.04 

25,81 

17,08 

25000. 

.6480 

0,17 

0,26 

0,52 

1.83 

5.32 

14.59 

36.00 


315C0. 

.9066 

0.19 

0.31 

0,68 

2.56 

7.40 

19.61 

-19. 3S 


400C0. 

1.2352 

0,21 

0,37 

0.86 

3.37 

9.60 

24.73 



50000, 

1.5970 

0,23 

0.44 

1,06 

4.26 

11.92 

16.11 



63000. 

2.0369 

0.27 

0.55 

1,40 

5.68 

15.49 

•67.14 



BOOCO, 

2.5909 

0,35 

0,77 

2.1 0 

8,48 

22.21 




lOOOCO. 

3.2956 

o.so 

1.22 

3,47 

13,54 

5,05 







C.2 Correction to Standard Atmospheric Conditions 

Reference conditions: T = 288. 2“K (59°F), RH = 70%, Perfect Filter 
All terms are as defined in Appendix C.l with the following exceptions: 

DA(F) = Difference Between Pure Tone Absorption in db/m at the Measured 
Atmospheric Condition and the Reference Atmospheric Condition = 
a(T.RH) - a(T^^^, RH^^^ 

6 = Difference in Band Loss Coefficients = L,(T, RH) - L . (T RH ,) 

X 1 ref’ ref 

in db = value given in table. 


Note: Entries of 99.99 or ***** indicate the Integral does not converge. 

The user should check to insure that his filter is capable of 
recovering a signal with a roll off of the magnitude used. 
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Table C.5 


ANSI Class III, 1/3 Octave Band Filter Used at Receiver 



SttP» -6, 

te/lHTpn 0CTA9E 

1 s 

298, 2K ( 

77. OF) 

PH > 

70,0 4 



A(F ) 




DlSTAIiCfc* 

P 




hZ 

Db/H 

s 

10 

20 

50 

too 

200 

400 

720 

4000, 

,022b 

•0.30 

•0.30 

•0,31 

•0.33 

• n. 3b 

•0,40 

•0.48 

•0,53 

SOOO. 

,0304 

•’0,30 

-0,31 

-0,31 

-0,34 

-0.38 

-0.44 

-0,52 

-0.48 

b3C<i. 

,0430 

-0.30 

-0,31 

-0.32 

-0.3b 

• 0.42 

•O.SO 

-0.51 

-0.14 

eoou. 

.063fc 

-0,31 

-0.32 

-0.34 

-0.40 

•0.47 

-0.53 

-0.28 

1,12 

lOOCU, 

.0539 

-0,31 

-0,33 

-0.3b 

-0.44 

-0.52 

•0,45 

0.56 

4.15 

125C0, 

,1407 

-0.32 

-0,35 

-0,39 

-0.49 

-0.52 

•0.05 

2.78 

10.26 

IbOCO, 

,2223 

-0.34 

-0,38 

-0,44 

-0.53 

• 0.3J 

1.38 

8.19 

22.34 

200C0, 

,3370 

•0.36 

-0.41 

-0.49 

-0.49 

0.34 

4.48 

16.98 

39.99 

2SOOO. 

.5092 

-0,39 

-0.46 

-0,54 

-0.22 

2,01 

10.16 

30,68 

-22.56 

31SCO. 

.7739 

•0.43 

-0,51 

-0.53 

0.58 

5.43 

19.39 

30,01 


400CO. 

1.1735 

-0.47 

-0,55 

-0.40 

2.32 

11.09 

32.75 



500C0, 

1 .6946 

-0.52 

-0,56 

-0,07 

4.95 

18,15 

0.76 



63000* 

2,4128 

•0,56 

-0,50 

0.55 

8,56 

36.87 



««•««« 

800C0. 

3,3b99 

•0.S6 

-0.35 

1.5b 

13,17 

• 0,95 




lOOOOO, 

4. 4908 

-0,57 

-0,04 

3.04 

18.88 






SBP* -4. 

CB/THIPD OCTAVE 

1 ■ 

248, 2K ( 

77. or) 

PH « ' 

70,0 4 


KPbO 

kit ) 



niSTAMCL, 

¥ 




hZ 

DB/H 

5 

10 

20 

SO 

100 

200 

400 

720 

40C0, 

.0226 

•0,20 

-0.20 

-0,21 

•0.22 

-0,23 

•0.26 

-0.28 

-0,26 

SOCO. 

.0304 

•0.20 

-0.20 

-0.21 

-0.22 

•0.25 

-0.27 

-0,27 

-0.11 

b3C0, 

.0430 

•0,20 

-0.21 

-0,22 

-0.24 

-0.26 

-0.28 

•O.li 

0.39 

BOCO* 

,063b 

-0,21 

-0.21 

-0.22 

-0.25 

-0.28 

-0.24 

0.20 

1.87 

lOOCO, 

.0939 

-0*21 

-0.22 

-0.24 

-0.27 

-0.2i 

-0.06 

1,23 

5,10 

125C0. 

.1407 

•0.21 

•0*23 

•0.25 

•0.38 

-0,20 

0,50 

3.66 

11.35 

160CU. 

• 2223 

•0.22 

-0.24 

-0,27 

•0,2b 

0.14 

2.16 

9.24 

23.51 

20UC0, 

,3370 

-0.24 

-0,26 

-0,29 

-0.11 

0,98 

5.44 

18.13 

41.21 

25000. 

,5092 

-0,25 

-0.28 

-0.28 

0,29 

2.84 

11.24 

31.87 

•22,27 

31500. 

,7739 

•0,27 

-0.29 

-0.19 

t«2b 

6,42 

20.54 

30,52 


400C0. 

1,1735 

•0,29 

-0,26 

0.05 

3,18 

12.18 

33.95 



500C0. 

1.6946 

•0.30 

-0.22 

0,49 

5,93 

19.30 

1.18 



63000, 

2.4126 

-0,31 

-0. 10 

1.24 

9,62 

28.06 




800C0. 

3.3699 

-0.29 

0.14 

2.3b 

14,29 

-0.54 




lOOOCO. 

4,4906 

-0.23 

0.54 

3.94 

20.03 






SBPs -2, 

tB/THlRC 

1 OCTAVE 

T = 

298. 2P ( 

77, OF) 

PH a 70,0 6 


FRbb 

kif ) 



niSlANCF* 

N 




HZ 

DB/H 

5 

10 

20 

50 

100 

200 

400 

720 

40C0, 

.0226 

•0.10 

-O.JO 

-0.10 

-0,10 

-0.11 

-0.11 

-0,09 

0.02 

soon. 

.0304 

-0.10 

-0,10 

-0.10 

-O.ll 

-0,11 

•0.10 

-0.02 

0.26 

6300. 

.04 30 

-0,10 

-0,10 

-0.10 

-O.U 

• o.ll 

-0.06 

0.16 

0,92 

8000. 

.0636 

•0,10 

-0,10 

-0.11 

-0.11 

• 0.09 

O.OS 

0,69 

2.59 

lOOCO, 

.0939 

•0,10 

-O.U 

-0.11 

-0.10 

•0.03 

0.34 

1 .89 

6.00 

12500, 

.1407 

•0.10 

-O.ll 

-O.U 

-0.07 

0.13 

1.05 

4,51 

12.36 

160C0, 

.2223 

-0.11 

-0,11 

-0,10 

0.03 

0,60 

2.91 

10.24 

24.62 

20000, 

. 3370 

-0. u 

-O.U 

-0.08 

0.2b 

1.61 

6,35 

19.21 

42.35 

25000, 

.5092 

-0,11 

-o.io 

-0.01 

0.80 

3.64 

12.27 

33,00 

-22.06 

31500. 

.7739 

-0.11 

-0.07 

0,15 

1,93 

7.36 

21.63 

30,97 


400CU. 

1.1735 

•0.10 

-0.01 

0,50 

4,00 

13.21 

35.08 



SOOCO. 

1,6946 

•0,09 

O.ll 

1.05 

6.8b 

20,39 

1*53 



63000. 

2. 4126 

-0,05 

0,31 

1.91 

10.62 

29,17 




800C0. 

3.3699 

0.01 

0.63 

3.13 

15.34 

-0.20 




lOOOCO. 

4,4908 

0.12 

1.1] 

4.80 

21.12 






SBPB 0, 

EB/THTHP 

octave 

1 = 

298. 2K ( 

77, OF) 

PN a 70.0 4 


h Pta 

kit ) 



DISTANCE* 

V 




HZ 

OP/H 

5 

10 

20 

50 

lOO 

200 

400 

720 

4000. 

,022b 

0.00 

0.00 

0.00 

0.01 

0.02 

0,04 

0.11 

0.30 

5000. 

.0304 

n.oo 

0,00 

0,00 

0.01 

0.03 

0.08 

0.23 

0.64 

b3C0, 

.0430 

0.00 

0.00 

0.01 

0.02 

0.05 

0.16 

O.SO 

1.63 

BOCO, 

• 0b3b 

0,00 

0.01 

0.01 

0.04 

0.11 

0.34 

1.16 

3.29 

lOOCO. 

.0939 

0,00 

O.Cl 

0.02 

0.07 

0.22 

0,73 

2.52 

6,85 

125CO. 

,1407 

0.01 

0,01 

0.04 

0.14 

0.4b 

1.58 

5.30 

13.34 

IbOCO. 

.2223 

0.01 

0.03 

0,07 

0.31 

1*06 

3.63 

11.18 

25.65 

200C0. 

.3 370 

0,02 

0.05 

0.13 

0.64 

2.21 

7.21 

20,22 

43,42 

25000, 

,5092 

0.03 

0.08 

0.2b 

1.29 

4.40 

13.22 

34.05 

-21,92 

315C0. 

.7739 

0.05 

O.IS 

0,49 

2.57 

8.25 

22.65 

31.35 


400CO, 

1.1735 

O.OB 

0.27 

0.94 

4.78 

14.18 

36.13 

*••««« 


SOOCU, 

1 .6946 

0.13 

0.4b 

1.59 

7.73 

21.40 

1.81 



630C0, 

2.412b 

0,20 

0.72 

2.55 

It.Sb 

30.31 




BUOCO. 

3.3699 

0,31 

1.11 

3.87 

16.32 

0.0/ 




lOUOCO. 

4.490b 

0.46 

1.66 

5.61 

22.13 






Sups 2* 

CP/Thlpn 

OCTAVE 

1 s 

298. 2K ( 

77, OF) 

PH ■ 70.0 % 


IHIO 

A(t ) 



niSTANCE, 

¥ 




HZ 

ue/K. 

5 

10 

20 

50 

]00 

200 

400 

720 

40C0. 

.0226 

0.10 

0. 10- 

0.11 

0.12 

0.14 

0.19 

0,31 

0,58 

soon. 

.0304 

0.10 

0,11 

O.U 

0.13 

0.17 

0.25 

0.48 

1 .00 

b3C0. 

,0430 

0. 10 

0.11 

0.1 2 

0.15 

0.21 

0.38 

0,84 

1.93 

80C0. 

,0636 

C. t 1 

0.12 

0.13 

0.19 

0.31 

0.63 

1.62 

3.94 

lOUCU. 

.0939 

0.11 

0.12 

0.1b 

0,25 

0.41 

1.12 

3.12 

7.64 

125CU, 

.1407 

0.12 

0.14 

0.1 8 

0.36 

0.79 

2.10 

6.05 

14. 2J 

1 6 0 C 0 , 

.2223 

0.13 

0. lb 

0.2S 

0.S9 

1.50 

4.30 

12.04 

26.60 

200C0. 

.3370 

0.15 

0,20 

0.3b 

1.01 

2.79 

8.01 

21.15 

44.41 

250C0. 

.5C92 

C, 17 

0.77 

0.52 

1.77 

5.11 

14,11 

35.03 

•21.86 

3isro. 

,7739 

0,21 

0,37 

0.R3 

3.17 

9.07 

23.60 

31,66 

•••••• 

400C0. 

1.1735 

0,27 

0.54 

1.37 

5.51 

15.08 

37,11 



5C0C0. 

1 .6946 

0,35 

0.78 

2.12 

8.54 

22,33 

2.01 



630CU, 

2.4128 

0.4b 

1.11 

3.16 

12,43 

31.18 




eooco. 

3, 3699 

0,60 

1.57 

4.56 

17.23 

0.2b 




lOOOCO, 

4.490H 

0.80 

2.20 

6,37 

23,07 
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Table C.6 Perfect 1/3 Octave Band Filter Used at Receiver 



SBPa -6, 

DB/THIKO OCTAVE 

T ■ 

305.4K ( 

90. on 

RH ■ 90,0 % 


rREO 

DAfFJ 



DISTANCE. 

M 




HZ 

DB/H 

5 

10 

20 

50 

100 

200 

400 

720 

4000. 

0,003 

-0,13 

-0,11 

-0,0? 

0,04 

0.24 

0,66 

1.61 

3,38 

5000. 

-0,003 

-0,16 

-0,17 

-0,19 

-0,24 

-0,32 

-0,41 

-0,30 

0,12 

. 6300. 

-0.U14 

-0.21 

-0,27 

-0,39 

-0,74 

-1.20 

•2,23 

-3,72 

-5,32 

0000. 

-0.031 

-0,3o 

-0,44 

-0,73 

-1,55 

-2,05 

-5,15 

-8.95 

-13,77 

10000. 

-0.057 

-0.42 

-0.60 

•1.20 

-2,70 

-5.0U 

-9,06 

-15,87 

-24,09 

12SO0. 

-0,094 

-0,59 

-1,03 

-1.00 

-4,31 

-7,97 

-14,34 

-25,00 

-39,57 

16000, 

-0,151 

-0.67 

-1,57 

-2.93 

-6,70 

-12,26 

-21.78 

-37,75 

-59,70 

20000, 

-0,210 

-1,18 

-2.19 

-4.11 

-9.32 

-16.77 

-29.26 

-50,05 

-79,72 

25000. 

-0,294 

-1.54 

-2.87 

-5,36 

-11,93 

-20.90 

-35,36 

-59,49 


31500, 

-0,361 

-1 ,6b 

-3,46 

-6.37 

-13,49 

-22,36 

-35,59 

-57,59 


4UOOO. 

-0, Jfil 

-1,94 

-3.52 

-6,19 

-11,51 

-16,02 

-20, 39 



50000, 

-0,300 

-1.50 

-2.50 

-3,65 

-2.94 

3.51 

20,62 



63000, 

-0,049 

-0.1b 

0.43 

3.12 

17,09 

45.76 

-24.91 



eoooo. 

0,453 

2,53 

6.42 

16,59 

54,29 

98.59 




looouo. 

1,164 

6.6b 

15.53 

36,66 

107.52 

44.47 






SBPS -4, 

UB/TKIHO UCTAVb 

T = 

305. 4X ( 

90, OF) 

RH » 

0 

0 


FRP;‘j 

OAf K) 



DlSTAiVC 6 :» 

H 




HZ 

l)R/M 

5 

10 

20 

50 

1 on 

2 U 0 

400 

720 

4000. 

0 ,t )0 3 

• 0.08 

-0,06 

-0,03 

0.08 

0,27 

0 . 6 H 

.62 

3.3v 

50«>0, 

-0,003 

- 0.1 1 

- 0,12 

- 0 , 1 b 

- 0,21 

-0.29 

- 0 , 4u 

-0,39 

0.13 

b3U0, 

-0,yI4 

-0, 16 

-0,23 

-0.35 

-0,71 

-1,27 

-2.25 

-3.74 

-5.25 

8000. 

-0.031 

-0,25 

-0,40 

-0,69 

-1 ,54 

-2.85 

-5,1 7 

-8.91 

-13,5.3 

10000 , 

-0,057 

- 0 , 3 ; 

-(*,64 

-1.17 

-2,69 

-5.02 


-15. 7u 

-24.41 

12500. 



-0,69 

- 1 , 8 b 

-4,32 

-7,98 

-14,25 

-24,68 

-38. H2 

I60ofl, 

-0,151 

• 0 , 8 J 

-T .54 

- 2.01 

-6.71 

- 12.21 

- 21.49 

-37,0b 

-58, »2 

2unoo , 

-0.21 d 

-1.15 

-2,1b 

-4,10 

-9.29 

-16.58 

-28.71 

-49.14 

-78, 6b 

250O0. 

- 0 , 2 9 J 

-1,50 

-?,64 

-h. 3b 

-11.80 

-20.48 

-34,5s 

-58, 4b 


31500, 

-«>, 361 

-1 .82 

-3.41 

-b.29 

-13.18 

- 21,57 

- 34.61 

-56,48 


400m*. 

-',',381 

-1,8). 

-3.43 

-b.OO 

-10.94 

-J5.U 

-19,30 



50000, 

-0. 30.) 

-1,41 

-2.34 

-3.30 

-2.13 

4.55 

21.7b 



630<rO, 

-0 ,049 

- 0.04 

0 , 7o 

3,67 

18.07 

45,87 

-24,65 



Buooo, 

0,453 

2.74 

h,W4 

17,36 

56,3b 

9H.91 




1000. 1'l, 

1 . 1 H4 

6,<lb 

Ib.12 

37.59 

106.64 

44,76 



•«•••* 


ShPs 

liO/Ti. 

IRO OCTaVL 

1 = 

30b,4K ( 

90. OF) 

HH = 

9U.0 4 


FHK'} 

I'A(K) 



'1lSXAr,CC> 





HZ 

L'H/M 

5 

l'«) 

20 

50 

lOO 

2('(i 

4t»1' 

7 20 

4000. 

0,»03 

-0.0 i 


0,0 2 

0.12 

0.31 

0.7y 

1.62 

.1.39 

Soon, 

-o , oo 3 

-'’,00 

-0 , 0r< 

-'i.lJ 

-0,17 

-0.2/ 

-i),4^f 

-0,42 

0,1 1 

6300, 

-0,ol4 

-0,1 2 

-“,1b 

-0.31 

-0,69 

-1,?^ 

-2,2 7 

-1.78 

-5.21 

«00O. 

-0 , 1 

- 0 , 7 .. 

• 0 • 3 b 

-O.hn 

-1,52 

-2.8/ 

-5.2J 

-8.91 

-H.33 

lOOii 

-0 . ii6 / 

-0,33 

-o , 60 

-] .14 

-2,69 

-5,05 

-9,09 

-l5,5b 

-23.97 

1 25.o.\ 

-0 , o94 

-0.51 

-0,9b 

-1,84 

-4.33 

-H.Ol 

-I4,2y 

-21.32 

-38.13 

loOi'O. 

-0,151 

-It , 

-1 .51 

-2,9.. 

-6,73 

• 1 2 . 1 b 

-21.24 

-36,41 ' 

-57,94 

2o0«i >, 

-0 , 2 1 >1 

-1.11 

-2.1 4 

-4 , itV 

-9,27 

-16.47 

-24.2ii 

- 1 H , .1 u 

-77,67 

25000, 

•0,2*M 

-1 ,4/ 

-'2.H2 

-5,33 

-11.69 

-2'',1v 

-31. 

-S7.49 


315oO, 

, <6 j 

-1,7/ 

-3,3? 

•b.vz 

- 12 , 9o 

- 21.03 

-3J.7„ 

-S5,43 


4(jO(ir , 

- 0 , 3 ® 1 

-1 ,«1 

-3. 35 

-5.83 

•10,41 

-14,20 

-IH.79 



Sooo 1, 

-0 ,300 

-1,32 

-7,19 

-2.9)' 

-1,39 

5,52 

22,8.5 



63000, 

■0 , 04O 

0,0V 

0,0b 

4.10 

18.97 

47.91 

-c4,4b 



Hon(iO , 

0.‘»5i 

2.O.* 

7.?'1 

ld,.t/ 

55. }5 

‘•H, 1 h 




loo.ion. 

1 . 184 


16,6 / 

3 . 4 4 

1 09.6b 

't 4 , 9 8 

«««••• 





KI.'Ps 0 

yH/f'ilHI 

1 LTAVt 

T = 

305. 4K C 

‘M’.yF) 

hi* s 

»0.O % 


e ot. ) 

“)Wh 1 




I’lSlANCK, 

M 




HZ 


S 


10 

20 

SO 

1 00 

2oO 

400 

72.) 

40im) 

c , • 1 0 3 

0,0/ 

<1 

,nj 

1 ) , lift 

O.lo 

0. 39 

0. 72 

1,61 

i.3o 

50i-'1, 

-0 , Hit .1 

-0,0/ 

.11 

,0 3 

-1’ , Oo 

-0,14 

-.1,25 

-0,41 

-0 , 4o 

0,07 

6 3 >.t , 

-0 , 1 '• 

-0,0/ 

-<i 

. 1 4 

-.'.27 

» 1 1 , 6 6 

-1 ,26 

-7.n 

-3.64 

-5.21 

bo yt , 

-0 ," 1 J 

-O.lo 

.0 

.31 

- i.62 

-1 .51 

-7.89 

-S.7/ 

- 6.94 

-13, IH 

iJtOij't, 

- 0 , 1)5 7 

- 0 , 7 )5 

-0 


-1.1? 

-2.7o 

-5,')9 

-9.1 4 

-15,47 

-23.5V 

125'»0. 

-U . '194 

-'.,47 


,93 

-1,43 

-4,35 

-ft , 07 

-1 4. 1 H 

-24,02 

-37. Si 

IbOn'i, 

-0.151 

- 0,75 

-1 

,46 

-7,9o 

-6,76 

-12.19 

-21 ,03 

-35 , H4 

-57.13 

200i)'», 

-0,21 h 

-1,0/ 

-2 

. 1 1 

-4,09 

-9.28 

-16.30 

-27,7b 

- 47,54 

-76.76 

250'M', 

-0,294 

-1 ,43 

-2 

.79 

-5,12 

-11 .62 

- J 9 , 7 M 

-33,13 

-56 , bo 


31500. 

-O .361 

-1.7J 

-.1 

. 13 

-6,17 

-17.66 

-20,40 

- 37.86 

- 54.47 


40000, 

-O.iOl 

-1 ,7h 

-3 

.28 

— 5 , 6 p 

-9.93 

-13.49 

-17. 15 



5000O. 

-II, JOU 

- 1.74 

-7 

, 0*> 

-2.69 

-0,70 

6.41 

21.82 



63n>iO, 

-0 , II 4 V 

0 ,27 

1 

. 1 y 

4.67 

19, 8u 

48 . ftb 

-24.33 



80000, 

i).45.1 

3,13 

7 

,61 

1 H , 7 3 

57,28 

99.33 




100060, 

1.1«4 

7,4'* 

17 

,17 

3*^, 73 

1 10.65 

4S. 1 2 






SciPs 7, 

‘tB/ThrHn nCTAVh. 

T a 

305, 4K ( 

90, OK) 

HH = 

9o.O 3. 


FRI- ') 

OA(K) 



PlSl AMCfc., 

M 




MZ 

liP/*.* 

S 

I't 

20 

50 

1 1)0 

7o'i 

4u0 

72u 

4000, 

0,00 3 

0,0 V 

0 . 06 

0,1 1 

0,20 

0,3 7 

0,74 

1 , 6 1 « 

3.3 2 

5nf)0, 

-0,.iOj 

0, 03 

0,02 

- 1 ..OI 

-0.10 

-0,2 3 

-0.42 

-0,51 

-0,01 

63'iO, 

14 

-').02 

-0,0V 

-0.21 

-0 ,64 

-1 .26 

-7, 3s 

-3.93 

-5.26 

8noo , 

-o.oll 


-".77 

-(• , 4V 

-1 ,5o 

-2.92 

-b.35 

-y.02 

-1 1,0V 

lonoo. 

-0.I.'5 7 

-0.74 

-",53 

- 1 . i)V 

-2.71 

-6.15 

-9.73 

-15, 4h 

-23.2b 

125'.’0, 

-0,m94 

-0,43 

-0.89 

- 1 . 81 

-4.38 

-8.14 

-14,72 

-23.79 

-36.97 

IbOoO, 

-0,151 

-0.71 

-1 ,4b 

-2,8v 

- 6.80 

-17.24 

-zo.ftv 

- 35,34 

-56, I 0 

2O00O, 

-1),21« 

-1 .04 

-2,o9 

-4,0* 

-9,32 

-16,24 

-27.3M 

-46,85 

-75,92 

2500U, 

-0.294 

-1 ,4V 

-7,77 

-5.31 

-11.59 

-19.52 

-32,51 

-55, 19 

*«•*«* 

31500, 

-0,361 

-1,6:; 

-3,30 

-6.1 3 

-17.47 

-J9.9b 

-32.10 

-53.58 


400OO, 

-0.381 

-1 ,7v 

-3.21 

-S,5b 

-9,S2 

-12,79 

-10.49 



5000(1 , 

-O.iOo 

-1 . 16 

-1.93 

-2.44 

-0,09 

7,73 

24.74 


»«•••* 

63000, 

-0,049 

0 , 34 

1 .40 

5 , 09 

20,50 

49.7/ 

-24,28 



8000'*. 

0.453 

3.31 

7,94 

19.33 

58.13 

99.43 



•«•••« 

10000". 

1,184 

7.73 

17,63 

39,94 

U 1 .55 

•IS, 18 

• *«««* 
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SBP* -6, 

CP/THIPD nCTAVL 

s 

30S.4K ( 

9C.0F1 

pH s 90.0 « 


fPbC 

DA(f ) 



niSTAMCfe, 

If 




hZ 

OH/H 

5 

10 

20 

bo 

lUO 

200 

400 

720 

40C0, 

0.CO3 

•0.09 

-0.07 

-0.04 

0.0b 

0.22 

0.58 

1.41 

1.00 

50C0. 

•0.CO3 

•0.12 

-0,13 

-0.16 

-0.24 

•0.36 

-0.53 

-0,6b 

-0,37 

63CU. 

-0.C14 

• o.n 

-0.24 

-0,37 

-0.?b 

-1.36 

•2.43 

-4.12 

-5,99 

eoco. 

-0.031 

•0,26 

-0.41 

-0,72 

-1.60 

-2.99 

-5.46 

-9,54 

-14.66 

lOOCO, 

-0*057 

•0.38 

-0,66 

-1.21 

-2,79 

-5.23 

-9.53 

-16.68 

-25,96 

12500. 

-0.C94 

-0.57 

-1.03 

-1,93 

-4.48 

-8,34 

-15,02 

-26.10 

-40,72 

16000, 

-0.151 

•0.85 

-1.59 

-3.02 

-7.00 

-12.83 

-22.71 

-38.89 

-60,95 

20OC0. 

-0.218 

•1.19 

-2.26 

-4.29 

-9.76 

-17,56 

-30.36 

•51,22 

-80.89 

35000. 

-0.294 

-1.58 

-3.00 

-5.67 

-12.59 

-21.91 

-36,52 

-60,66 


31500. 

-0.361 

•1,95 

-3.68 

-6,82 

-14.39 

-23.49 

-36.76 

-58.76 


4Q0C0. 

-0.381 

-2,10 

-3.88 

-6.84 

•12.59 

•17,19 

-21.56 



SOOCO. 

-O.300 

•1.77 

-3.02 

-4.52 

-4.10 

2.34 

19.45 



63000, 

-0.049 

•0.58 

-0,29 

2.07 

15.93 

44.59 

-25,27 



nooco. 

0.453 

1 .96 

5.49 

15.45 

53.12 

97.42 




100000, 

1.184 

5.91 

14.47 

35.51 

106.35 

44.36 





SBP* -4. 

CR/TKIPD OCTAVE 

1 * 

30S.4K ( 

90. OF) 

PH a 90 

.0 \ 


FVEO 

DA(F 1 



MSIAHCE, 

P 




HZ 

DB/H 

5 

10 

20 

50 

100 

200 

400 

•720 

4000. 

0.003 

•0.06 

-0.04 

-0.01 

0.08 

0.24 

0,60 

1.44 

3,07 

5000, 

-0.003 

-0.09 

-0.10 

-0.13 

-0,22 

•0.34 

-0.52 

-0.63 

-0.28 

6300. 

•0.014 

-0.14 

-0,21 

-0.34 

-0,74 

-1,3b 

-2.42 

-4,08 

-5.10 

8000, 

-0.C31 

-0,23 

-0.39 

-0.70 

-1.59 

•2.9b 

-5,44 

-9,40 

-14,25 

10000, 

-0.057 

•0.36 

-0,64 

-1.19 

-2.79 

•5.22 

-9.46 

-16.36 

-25,26 

12500. 

-0.094 

•0.54 

-t.OO 

-1.91 

-4.47 

•8.30 

-14.81 

-25.49 

-39,73 

16QQQ. 

-0.151 

•0.83 

-1.57 

-3,01 

-6.97 

•12,69 

-22.24 

-37,95 

•59,74 

20000. 

-0.218 

-1.17 

-2.23 

-4.26 

-9.68 

-17.23 

-29.58 

-50.06 

-79,58 

25000. 

-0.294 

-1.55 

-2.96 

-S.60 

•12.35 

•21.29 

•35,46 

-59,37 


315C0. 

-0.361 

-1,90 

-3.60 

-6.67 

-13.90 

-22.56 

-35.53 

-57,39 


400Q0, 

-0.381 

•2.0J 

-3.74 

-6.54 

-11.80 

-16,03 

-20.22 



50000. 

-0.300 

-1.64 

-2.78 

-4.01 

•3.04 

3.63 

20,84 



63000. 

-0.049 

-0.39 

O.U 

2.83 

17,15 

45.96 

-24.75 



80000, 

0.453 

2.26 

6.09 

16.46 

54,44 

97,99 




lOOOCQ. 

1.164 

6.33 

15.27 

36.66 

107.72 

44.89 





SBP* -2. 

CB/Thipn octave 

1 * 

305. 4K ( 

9C.UF) 

PH a 90.0 % 


FPEO 

DA(F ) 



riSTANCE* 

F 




HZ 

D8/H 

s 

10 

20 

bO 

100 

200 

400 

720 

4000. 

0.CO3 

• 0,02 

-0,01 

0.02 

O.U 

0.27 

0,63 

1,46 

3,11 

sooo. 

-0.C03 

• 0.05 

-0.07 

-0.10 

-0.19 

-0.32 

-0.51 

-0,62 

•0.23 

6300. 

-0.014 

•o.u 

-0.16 

-0.32 

-0,72 

• 1,34 

•2.43 

• 4.06 

-5,66 

8000. 

-0.031 

•0,20 

-0,36 

-0.67 

•1.58 

•2.98 

•5,44 

-9.31 

-13,91 

lOOCO. 

-0.057 

•0.33 

-0.61 

•1,17 

-2,78 

•5.23 

-9.42 

•16,09 

-24,64 

12S00. 

-0.094 

•O.si 

-0,98 

•1.89 

-4,47 

-8,28 

•14.66 

•24,97 

•38,84 

16000. 

•0.151 

• 0,80 

•1,55 

•2.99 

-6.95 

-12.58 

-21.83 

•37,12 

•58,66 

30OC0, 

•0.216 

•1,14 

•2,20 

•4.23 

•9,60 

-16,95 

-28,88 

-49,02 

•78,39 

25000. 

•0.294 

-1.52 

•2,92 

-5.54 

•12,14 

•20,74 

•34,52 

-58,21 


31SCQ. 

•0.361 

•1.86 

•3.54 

•6.54 

•13.4b 

-21,73 

•34,42 

-56,15 


400C0. 

•0.381 

•1.95 

-3,61 

•6.26 

•11.09 

•14,96 

•19, D1 



50000. 

•0.300 

•1.52 

-2.56 

-3;s5 

-2,10 

4,80 

22,11 



63000. 

•0.049 

-0,20 

0,47 

3.53 

18.26 

47,20 

-24.35 



80000, 

0.4S3 

2.55 

6.64 

17,37 

55.64 

98.44 

«••««« 



lOOOGO, 

1.184 

6.73 

16,00 

37.73 

108,97 

45.31 

••••«« 




SBP* 0. 

CP/THlpn octave 

1 * 

305, 4K ( 

90, OF) 

PH a 90 

.0 « 


FPEC 

DA(F) 



niSTAHCtr 

* 




HZ 

oe/H 

5 

10 

20 

50 

too 

200 

400 

720 

4000. 

0.003 

0.01 

0,03 

0,06 

0,1b 

0,30 

0,65 

1 .48 

3,14 

5000. 

-0.003 

•0.02 

-0,03 

-0.07 

-0,16 

-0, 30 

-0,50 

-0.63 

-0.21 

6300. 

-O.014 

-0,07 

•0.14 

-0.29 

-0,70 

-1,33 

-2,44 

-4.0b 

-5,57 

8000. 

-0.031 

•0.16 

-0,33 

-0.64 

-1.57 

•2,99 

-5.46 

-9,27 

-13.63 

lOOCO. 

-0.057 

-0,29 

-0,58 

-1.15 

-2.7B 

•5,2b 

-9,42 

-15,90 

-24.11 

12500. 

-0.094 

•0.48 

-0,95 

-1.88 

-4,47 

-8.29 

-14.55 

-24.52 

•38,06 

16000. 

-0.151 

-0,77 

-1.52 

-2.98 

-6,94 

-12.51 

-21.50 

-36.38 

-57.68 

200C0, 

-0.218 

-1.11 

-2.18 

-4.21 

-9,5b 

-16.72 

-28.28 

-48.09 

-77,31 

35000. 

-0,294 

-1.48 

-2.89 

-5,50 

-11.98 

-20,28 

-33,68 

-57,15 


31500. 

-0.361 

-1.81 

-3.48 

-6.43 

-13.11 

-21.00 

-33,41 

-bS.02 


40000. 

-0,381 

-1.88 

-3.49 

-6,04 

•10,46 

-14.04 

-17,90 



SOOCO. 

-0.300 

-1.41 

-2,35 

-3.14 

-1,25 

5.86 

23,27 



630C0. 

•0.049 

-0,02 

0.80 

4.16 

19.25 

48.33 

-24,06 



80000, 

0,453 

2,81 

7.14 

18.19 

56,73 

98.78 




lOOOCO. 

1.184 

7,09 

16.66 

38.68 

110,10 

45.61 





SBP* 2. 

CP/ThIPD octave 

T » 

305, 4H ( 

90, OF) 

PH a 90 

.0 % 


FHE<3 

DA(F ) 



niSTAHCfc, 

P 




HZ 

BB/P 

5 

10 

20 

SO 

ion 

200 

400 

720 

4000, 

O.C03 

0,05 

0,07 

0.10 

0.18 

0.33 

0,67 

1.48 

3.13 

5000. 

-0.003 

0.02 

0.00 

-0,03 

-0,13 

-0,2d 

-0,50 

-0.66 

-0.23 

6300. 

-U.C14 

-0,03 

-0,11 

-0.25 

-0.67 

-1,33 

-2.46 

-4,12 

-5,55 

doco. 

-0.031 

-0.13 

-0.29 

-0.62 

-1,56 

-3,01 

-5,51 

-9,28 

•13.44 

10000. 

-0.C57 

•0.26 

-0,55 

-1.13 

-2.7B 

•s. 2 b 

-9,45 

-15.77 

-23,67 

12500; 

-0.C94 

-0,45 

-0,92 

-1 ,8«» 

-4,49 

-8.32 

-14.51 

-24.17 

-37.3I 

16000, 

-0.151 

-0.74 

-1.50 

-2.96 

-6,96 

-12,49 

-21.25 

-35,75 

-56,82 

20000. 

•0.218 

-1,07 

-2.15 

-4,70 

-9,53 

-16,57 

-27,78 

-47.26 

-76,34 

25000, 

-0.294 

•1.44 

-2.85 

-5.46 

-11.87 

•19,90 

-32,95 

-56,21 


315CU. 

-0.J61 

-1,7b 

-3.42 

-6.34 

-12.82 

•20.36 

-32.52 

-54,00 


400CU. 

-0.381 

-1 .RU 

-3.38 

-5,85 

-9,92 

•13,20 

-16,91 



SOOCO. 

-0,300 

-1.30 

-2.17 

-2,79 

-0,50 

6.81 

24,32 



63000. 

-0.045 

0.15 

1,10 

4,70 

20.15 

49.3b 

-23.87 



800C0. 

0.453 

3.05 

7.58 

18.92 

57.71 

99.02 




lOOOCO, 

1.184 

7.42 

17.23 

39.52 

111.13 

45,80 





227 




SfiPs «6. 

DB/THIBD OCTAVE 

T • 

277.6K ( 

40.0P) 

RH • 

10.0 % 


FRK(J 

DA(F) 



018tANC£# 

M 




HZ 

DB/M 

5 

10 

20 

50 

loo 

200 

400 

720 

4000, 

0.017 

-0.06 

0.03 

0,20 

0,73 

1.61 

3,39 

7,02 

13.00 

5000. 

0,007 

-0,11 

-0,07 

0.02 

0.27 

0,70 

1.61 

3,55 

6,97 

6300. 

•0.009 

-0.19 

-0,22 

-0,29 

-0,50 

•0.83 

-1.39 

-2,24 

•3,05 

8000 , 

-0,036 

-0,32 

-0,48 

-0.81 

-1.76 

-3,34 

-6,28 

-11.60 

-19,22 

ioooo. 

-0,076 

-0,50 

.0,86 

-1,55 

-3.61 

-6.92 

-13,18 

-24.77 

-42.07 

12500, 

-0.134 

-0,7« 

-1 .41 

-2.66 

-6.31 

-12,17 

-23,23 

-43,98 

-75,64 

16000. 

-0,229 

-1,24 

-2,32 

-4.45 

•10.68 

-20,57 

-39,31 

•74,95 


20000. 

-0.350 

-1.82 

-3.47 

-6.73 

-16.17 

-31.13 

-59,58 



25000. 

-0.509 

-2. 58 

-4,99 

-9.71 

-23.32 

-44.86 

-86.09 



31500, 

-0.710 

-3,56 

-6,91 

-13.48 

-32,34 

•62.22 




40000, 

-0,944 

-4.70 

-9.16 

-17.86 

-42.73 

-82, ]S 




50000. 

-1,16b 

-5,78 

-11,27 

-21.93 

-52.20 

-99.95 




63000, 

-1.377 

-6. 80 

-13.22 

-25.54 

-60.05 





80000. 

-1,561 

-7.62 

-14,67 

-27.90 

-63.77 





100000. 

-1,69b 

-8.0/ 

-15.21 

-28,01 

-60.72 







Sbps -4. 

DB/TalHD nCTAVt 

T » 

277. 6K ( 

40. OF) 

RH » 

10,0 % 


KPfO 

OAfFl 



DISTANCE# 





HZ 

UH/M 

5 

to 

20 

50 

too 

200 

400 

72(1 

4000, 

0.U17 

-0,01 

0,07 

0.24 

0.76 

1.63 

3.39 

6,9b 

12.91 

5000, 

0,007 

-0,06 

-0.02 

0.06 

0.30 

0,71 

1.58 

3.4b 

6.81 

6300, 

-U.U09 

-0.14 

-0,10 

-0,26 

-0.49 

-0.85 

-1.47 

-2,41 

-3.2b 

8000. 

-0,036 

-0.27 

-0.44 

-0.7b 

-1.79 

-3.40 

-6.41 

-11.82 

-19,46 

lOOOn, 

-0,u7t» 

-(), 4b 

-0.82 

-1.54 

-3.64 

-7.02 

-13.37 

-25.02 

-42.26 

12500. 

-0.1 34 

-0,75 

-1.39 

-2.66 

-6,38 

-12.32 

-23.46 

-44.20 

-75.70 

16000. 

-0,229 

-1.21 

-2.3U 

-4.47 

-10,78 

-20.77 

-39, S3 

-75.03 

««•*«« 

20000, 

-0.350 

-1 ,79 

-3,47 

-6.77 

-16.31 

-31.33 

-59,72 



?b0UO, 

■n , 609 

-2.57 

-S.Oo 

-9.77 

-23.48 

-45.02 

-86.07 



31500. 

-0. / 1 0 

-3.5b 

• b.9i 

-J 3,56 

-32.48 

-62.26 




4000O. 

-0,y44 

-4,69 

-9.1H 

-17.92 

-42.77 

-81.95 




50000 , 

-1 , 16h 

-5.76 

-U ,2b 

-21.9b 

-52.08 

-99.47 




63000, 

-1.377 

-6.77 

-13.20 

-25. 4B 

-59.6b 





euooo. 

-1.561 

-7.5b 

-14.61 

-27.70 

-63.10 





lOoniMi. 

-1 ,o9w 

-0,01 

-1 b,06 

-27.59 

-59.82 







ShP= -2, 

1 H/riJH' ncTAVl- 

T = 

27/. 6K ( 

40. OF) 

hh = 

0.0 % 


hPfcO 

Oa(F) 



I>1STA.,CF., 

. 




H/ 

li0/« 

S 

10 

20 

50 

too 

2U0 

4oO 

720 

40«>", 

0 . 0 t / 

0,03 

0.12 

0.2M 

u, fto 

1 .65 


6.93 

12,8.1 


0,00/ 

-t'*,Oi 

0,02 

0.1 '» 

0.32 

0.7) 

,54 

3,35 

6,62 

63"i>. 

-o,y09 


-0,14 

-0.23 

-0.48 

-0.«7 

-1,56 

-2,59 

-3.S4 

80110, 

-O.U Ih 

-0,23 

-0.41 

-'1,76 

-1.80 

-3.46 

-6.57 

-12,00 

-19.75 

ICO''", 

-0 , ii76 

-0.42 

-0,79 

-1.53 

• 3.6b 

-7.13 

-1 3,59 

-25,31 

-47.51 

125<m. 

-u. 34 

-0.71 

-I 3b 

— 7, 66 

-6. 4b 

-17.40 

-23,72 

-44,46 

-75.80 

IhQOO, 

-0.22y 

-1 ,1fl 

-2.29 

-4.5o 

•10.90 

-20.99 

-39,80 

-75,17 

**«**• 

200"0, 

-w, 3S0 

-1.7/ 

-3.47 

-6.82 

-16,47 

-31.57 

-59.9) 

****** 

****** 

250'"', 

-0,509 

-2.55 

-5.01 

-9. 84 

-23.66 

-45.22 

-06, 09 


**•**• 

3lSi'<«, 

-0, / lo 

-3.5j 

— 6,96 

•1 3.64 

-32.64 

•o?, )4 


*••••• 

•«*«•• 

4wO<iO , 

-0,'<44 

-4.6e 

-9,21 

- 18,00 

-42.84 

-81.80 

****** 

** »**• 

*•«*•« 

50000. 

-1 . 166 

-S.75 
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APPENDIX D - SYMBOLS LIST 


A(fj) 

a(f) 


f .s. 

a 

meas 

A^(x) 


tc 

^theor 

^tube 
a(T. 


ref’®®ref^ 


a(T, RH) 


B 

b 

B^(0) 

B±(R) 


B . (0) 
B^(R) 
c 


c, 

3 


f 

f. 


signal amplitude 

atmospheric transmission function at 

pure tone absorption coefficient/meter at frequency f. 


db-m 


-1 


-1 


free space absorption, db-m 
measured absorption, db-m ^ 
heigth of the nth burst as a function of x 
amplitude of the sound wave at the source 
corrected tube absorption, db-m~^ 
theoretical absorption, db-m 
tube absorption, db-m ^ 

pure tone absorption coefficient at the reference 
temperature, and relative humidity, db-m 

pure tone absorption coefficient at temperature, T, 
and relative humidity, RH, db-m ^ 
empirical parameter in Sutherland’s equation, 

1.458 X 10 kg-m -sec - K 

number of segments into which the band is divided 


band power for the ith band, watts-m 


-3 


-3 


band power for the ith band at the source, watts-m 

band power for the ith band a distance, R, from the 
-3 

source, watts-m 


-3 


source band power level for the jth segment, watts-m 

-3 

attenuated band power over the jth segment, watts-m 
speed of sound, m-sec ^ 

vibrational specific heat (of nitrogen or oxygen) , 
J-(kg-mole)“^-'’K“^ 

specific heat at constant pressure, J-(kg-mole) ^-'’K ^ 
specific heat at constant volume, J-(kg-mole) ^-°K ^ 
acoustic frequency, Hz 
center frequency of the ith band, Hz 



f . 

3 





h 

h 


r 


k 

L. 

X 

L. 


xo 

m 


n 



q' 

R 

R 


r 

RH 


EH 


ref 



a geometrically spaclal frequency In the ith band, used 
as the lower frequency for the jth segment within the 
band, Hz 

relaxation frequency, Hz 

relaxation frequency of nitrogen, Hz 

relaxation frequency of oxygen, Hz 

absolute humidity, molar percent 
relative humidity, percent 


slope parameter of filter function 

band level of the ith term 

band level at the source for the ith band 

serves to characterize the slope of the source spectrum 

slope parameter of input spectrum 

slope parameter of attenuation curve 

-2 

ambient pressure, N-m 

5 -2 

reference pressure, 1.013 x 10 N-m 

-2 

partial pressure of saturated water vapor, N-m 
one tenth of the slope of the received spectrum level, 
db-decade 

one tenth of the slope of the energy density, change-decade 
propagation distance, m 

universal gas constant, J-(kg-mole) -°K i 

frequency ratio between band centers 
relative humidity, percent 
reference relative humidity 

empirical parameter in Sutherland's equation, 110. 4°K 
for air 


-1 


slope of air attenuation curve, db-bandwidth 
source spectrum slope/bandwidth, db-bandwidth 
slope of received spectrum, db-bandwidth ^ 
filter roll off per bandwidth, db-bandwidth 
relaxation strength 
temperature, °K 


-1 


-1 


-1 
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T(f) 

T.(f) 

T 

o 

t 

o 



W(f) 

W(fj,0) 

W(f,R) 


W 


ref 


X 


X.. 

J 


Z 


rot 


filter transmission function at f 

filter response for the ith band (0 to 1) 

filter function at some frequency f in the jth segment 

standard reference temperature, 293.15°K 
length of the burst, sec 

reference temperature, eq. (3.19), 273.16°K 
reference temperature, °K 

-3 

acoustic power spectral density at any frequency, f, J-m 

-3 

power spectral density of the source at f . , J-m 
power spectral density at a distance, R, from the source at 
frequency, f, J-m ^ 
arbitrary reference power 

separation betv?een sound source and microphone, m 
mole fraction of the component, 0.29048 for oxygen and 
0.78084 for nitrogen 
rotational collision number 


“Cl 

“CR 


a ,, . 
vib,j 

°^vib ,N 


%ib , 0 


“vib 

aX 


X 


8 


total absorption coefficient, nepers-m 
classical absorption, nepers-m ^ 

absorption due to combined rotational relaxation and 
classical mechanisms, nepers-m ^ 

absorption due to rotational relaxation, nepers-m ^ 
absorption due to vibrational relaxation of oxygen or 
nitrogen, nepers-m ^ 

absorption due to vibrational relaxation of nitrogen, 

-1 

nepers-m 

absorption due to vibrational relaxation of oxygen, 

-1 

nepers-m 

absorption due to vibrational relaxation/wavelength, nepers 

absorption per wavelength, nepers 

reflection coefficient for the ends of the tube 

ratio of specific heats 

difference between band absorption coefficient and the 

pure tone absorption coefficient computed at band center, db 
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Y 

A 



number of db to be added to measured spectrum to obtain 
the spectrum one would have measured for the same band 
on a reference day 
band loss, db 

characteristic vibrational temperature, “K 

coefficient of thermal conductivity, J-(kg-mole) ^-®K-m-sec 
wavelength, cm 

coefficient of viscosity, kg-m-sec ^ 

-3 

equilibrium gas density, kg-m. 

2it times the acoustic frequency, sec 
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